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/ - PREFACE
| ' f MR .
) ~ The documentation of ‘large-scale/development endeavors in
- A -

-

, .
education is ‘g phenomenon with whj;y/the educational R&D community

has had modest experience, since there has been little large-scale

‘ \ 4 . ) .
// - development to document. SWREK«documentation experience confirms
/ ) , ) ' 3
the applieability of Derek/Price’s conclusionfregarding the litera-
. ’ / e “
. turexof research and the¢ literature of'devefg$ment.
v . / L}

-
. . . .

A scholarly.publilation is not'a piece 'of information
but -an expression of ‘the state of a scholar or a
group. of scholars of ‘a partlcular time. We do not,
contrary to superstition, publishod fact, a theory,
or a finding, but some complex of* these ., . . . If °
the paper is-an expression of a person or several
- persons working at the researelt front, we can tell g g
v somethlng about the relations among the people from
. thg papers themselves . . . . It seems that
technologists differ markedly from both scientific
* and nonscientific scholars. They have a quite
different scheme of social rélationships, are dif-
. ferently motivated and display different personality <.
: - traits [Prlce, 1970, pp. 7-9 ] '

. Clearly, the published paper is not, in general, the
end product of a worker in a technological subjecty he
appears.fo be instead concerned chiefly with the

. production of- an artifact or process. What then is
the role of .literature in technology? 1 suggest '

. ] thatfor the most part it is produced as an epipheno-

’ MR : menon. It comes about because many technologists

’ have had scientific training and know full well the i ,f
code of behavior of the scientist in which publicatld\
is not merely right and proper, but a high duty and a
. ' behavior expected by peers and employers . + . . In s
general new technology will flow from old technology rather "

than from any.intetaction there might. be betwegn the :

analogous b eparate structures of science aqp technology

{Price, 1965, pp. 560-561]. - ° \ )

V4 . 1 T - .-
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i
MRI experience has been that the coursé of'a wellrmqnaged develop-

A 4 .

)

N xnent effort produces considerable documentation but that a good deal of
] M +

r 4 . v -

»
the substance of the 1nrormatlon exceeds structures and strictures of °

journzl publication. [he journal 4rticle coﬁgtituteq an available
medium, but the laundering of the information,required to use the medium
. . ?

L]

often washes out, the message.

v
.
* A

; .
SWRL has found 1t unproductive to treat information and documentation

in the abstr#ct as ae''communication prdblem A more useful approach is @ <.

/

hd to consider operational/means of making information pertinent to large- '

. ’

scale dev lopmenﬁ in education conveniently 'available to vWnterested . *
. )

audience¢s. This perspective directs attention to specifying interested

- audientes and devising communicatién compatible with their needs~to-know

characteristics. SWRL information architecture recognizes several
- h ]

. . audiences. . .

A . D £ ' . .
. 0

s
Staff involved in the development per se and the contract sponsor
. 4

»

. are two of tjre most immediate audiences addressed by SWRL documentation..

Bommunicatnthefevant to these-apdienbes is handled by SWRL Technical .
. /’ . ‘
Notﬁi\and.Technical Memorandd that chronicle the course of SWRL R&D. X
. . . . , - PR

These 40cuments/range in length from a few to a few hundred pages dg- .
) .\
pending uporr their nature. Some 200 ¢f these Technical Notes and -
N\, ’ .
) Techmical Memoranda are issued durimg the course of a year--a stack .
. B . ) .

several feet tall. v
] » .
\/ ’ “ ' A ' ¢ -
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KL 8

AP e




W

.
i
4

\
by
.gl - -
A third audience is the invisible colleges -ty which SWRL staff
Ly -actively participate, Collegial exchange of selec Technical Notes
End Technical Memoranda serve‘this audience adequately. !

" *
- ¢
\

Another audience ,is product users.. A volume’of product working
papers ghat brings together the documents associate‘di,th the development

of each product is iséueq at the time the product is made available

. for general use and provides relevant information for this audience.

L
. '
-

. This leaves the general audience of students, scholars, and other

0 * N
‘members of the R&D community in edycation. SWRL vdechnical Reports and
- . *

Professional Papers, largely accessed via the ERIC system, are directed

to this broad audience. Journals, professional meetings, and -other
classical scientific and technical information exchange mechanisms are

. also used. ° ) ~
v
v /

’

~

o

+ . But each of these mechanisms involves a packing and rationalizing «

of information into independent pieces that inherently involves time
N\ * - ‘ >
“delays and loses some of the original flavor of the work in the process.

’

) " To réduce_thg time interval ‘and retain the freshness of the work, an
P 4

Annual Working Papers series has been initiated. The thematic topics
that provide convenience categories for representing {nqhiry completed
A P during the past year that is of timely interest to.a sector of the

educationalyR&D community will be identified. The documents relevant

4 e
to threse topics will then be organized into the volumes constituting
. , . < .
Vi -

\
|
l
E o
|
\
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the Annual Working Papers fdr that year. '"The Integﬁﬁtion of Content,

‘

n Instructional Design'" 1s one of four

and Skills Analysis Techniéues
~ s -
Thd otfer three volumes of the 1972 SWRL Wo

Task,
such

rking

volumes for the year 19;?.

i

/

Pgpers, ndéilable thrqugh the

i

[
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THE INTEGRATION OF CONTENT .TASK, AND SKILLS ANALYSIS TECHUNIQUES 1IN
INPTRUCTIONAL "DESIGN . .

- » . . L]
David W..Bessemer and Edwafﬂ L. Sm1th L, ‘ . .

o
\

S

The structure of knpwledge In a ‘particular suhject-matter disci-
7 - ¢ ' .
pline and tlhe structure of behavior ip a given task-skill domain are
c . . M - y ’ .
often regarded as unrelated or even antithetical bases for the system-
» .
‘ d ¢

atic desién of~ ihstructional produets and ptocedhres. In a more~ --

balanced view,, both kinds of-sttutture:are complementary facets of a, t
well-organized instructional system. But an adequate methodology‘fov e

b .

integrating the -two Structures remalqs to be. demonstrated F “ .

1
& . N . Q"' . e

The present volume document g proétess toward a methodology of

instructional design founded on the position thabkboth learning to know . \

- PR N

and learning to do are esserkial to the effectiveness of a ghven course
N . ’p N N s

\ .
of instruction. The methodology developed thus far deals %ith the - .
. ‘ 2 - ' 3
organizatton'of a coordinated, structure of knaisledge and behavior

~ N . »
N - ?

representative of proficiency in a &pecific‘subjebt-matter area. The

methodology does qot yet provide routlne procedures for the derlvatlon T

-~ . . L

of instructional products and procedures, but lays the'foundation\for

such procedures. ’ g 1 . N

'_The apprpach taken'here ae;eloped out of points of vieo from many ) ) -
soorcee; the work o?ﬁkuhn and Sqowab.on the structure of knowledge;
the work of Gagné; Scaqoura:.and others on task-skillesanalysgs, types .
of leaf;ing, and the role of.transfer in ingtructioq;‘the work of E

» . - .
Tylex, Bloom, aaﬁ others on the specification of instructional domains;

and the work of Simon, Hunt, and others on.an information processing

approach to the analysis of behavior:, All of these aspects are brought

’

.




e

.

together into’s coherent methodology through the following basic .

.

- .

assumptions: . , o~ \ , . -~

\ 1. Any subject-matter d{scipline is unified by a set bf inter-
. - v C PR

related specialized conceptual systems. . .t

2., Many of the specialized conaceptual systems Qf'é discipline . is

2 . i : L
share common logical' structures, and can be categorized by

-

k
a few types of structural forms.

3. Knowledge of a concebtual systém and abilities im using that -

N system can be inferred from a defined set of observable

-
. » v

-
- C o . ]
‘ behaviors characteristic of that type of conceptual system,

-

4, Common information processing strategies are applicable to

the utilization of conceptual ‘systems sharingjkcommon

IS !

structure, . 5

5. Appropriate instruction will produce ssizeable transfer ?5>- .oy

inter-related techniques of analygig: content, task, and skills. In * |

content analysis (I)Atypes of gonceptual systems characteristic of a \

discipline or subdisciplihe are-identified, (2) networks of analytic N
s =

! A . - . ‘ - ) . d
, concepts arg [urmylated, providing a repgresentation of the logical
structure for each type of system, and (3) specialized copceptual \
3 . \‘ ) . . ) -
- systems are categorized according to type of network it exemplifies. .

“ In task analysis, performance requirements relevant to specific types
7 . ’

of conceptusl systems are\idqntified.'~¢hese requirements are stated

. .
. as input=-outfut relafgons between analytic concepts in the same network,

. e
, ( y . .
4 ~

ERIC © * | | .

s .
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. /
thus defihing tasks.by means of theirsconceptual structuge. In skills
- —7 . . . 4

. -
[y M -

. ’ analysis, effective information processing strategies for the perfor-~
b ‘ 4 -«
mance of particular stasks are described. Thesk are prescriptions for . v

¥ behavior defined at a psychological level, and provide the basis for

| % . . .

- planning and predicting transfer among tasks and across content.
\ ©* The-papers presented in this volume are divided into two main

! sections, - Papers in Part 1 egent the theoretjical rationale under- '
. . N .

.

\
lying the proposed methods, and describe the procedure for skiils
. o ¢
‘\ analysis. Papers in Part II illustrate applications of content, task,
e~ . - 1y
and skill apalysis in the science inquiry area at the primary=-grad

t

level. MAbstracts are appended éummafizing additional related papers.

4
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v . Working Paper 1 ' .

THE ROLE OF SKILLS ANALYSIS IN INSTRUCTIONAL DESIGN (TN 2-72-50)

* David W. Bessemer and Edward L. Smith ' ] -

Skills are inferred psychological processes employed in the.per-

-
.

formance of a task. -When performéhcé changes as a result of learning, -

"there is (bv definition) & corresponding change in the operation of an

’

underlying skill or system of skills. In retent years, an awaremess - ’ o

Iy

) &  has been growing'a'moﬁg those challengéd with the solution of educational R

problems that a scientific understanding of skills is an important fdctor
3 ¢ ’ =

in the design and development of improved instructional systems. The

capacity to achieve such understandings and to apply them in solving

educational problems, howevetr, has’ yet failed .to .increase substantially.
The technology of skills analysis remains .in an unsystemdtized
. - . .
‘ state. There is still considerable confusion about how skills should <,

-
.

be ,conceptualized and related to content and tasks in an educational
context, There is little,agreement on the appropriate level of

analysis which shauld be adopted in the ﬁescription of skills, nor

’ 3
is there much tonsensus on the methods which can be ysed to derive
useful and accurate descriptions. Past attempts at skills analysis

[4

. v .
have employed widely varying methods and levels of description.

* Several examples of skills analyses illustrating various approaghes _,

have been discusseh in a recent review by Glaser and Resnick (1972).
From these examples, only the haziest sort of image can be formed of
A t . .
the kind of product which can be expected to result from skills i -

O ‘ana1y§is and, the ways in which the results can be used to improve

instructional procedures.




" -

4,

iy - ’ . '
" is selected which may serve to maximize the utility of the results. ~....

" ‘A method of dﬁalysis is presented, and related to content and'task

-~

A new approach to,skills analysis is presented bglow. The

approach has been formulated in a systematic way which contributes
./ ’ ' '

to the resolution of many ,0f the uncertainties which presently

. H

¥ 2
surround this sort of enterprise. 1In the sections wh@ch follow,

the uses of skills analysis -are discussed, and a‘levgl of description
. . ;

analysis.:!Application of the results is illustrated in relat‘on to |

the,desfg§é~f instruction to achieve lateral and vertical transfer.
. R . ) v_ .“'

. - Ve

USES OF SKILL ANALYSIS ‘ .

Skills analysis, as conceived here, results in a/description of
’ /

psychological processes operatiQe during performarce ‘of a given task.
Such a description cons{}tutes the central component of'a;theory of

performance for that task, and is essential as a foundation for the

. ' ‘ ' /
design of effeetive instruction inyolving that task.

5

There ‘are at least four aspects of instructional design, including
*

s

épecifiéation of 1) outcomes, 2) assessment instruments, 3 sequencing -
r
S - a

‘of outcomes, and 4) specification of an instructional procedure for
S .

each qutcome. fhe way in which a theof§ of performance,can be used
‘ . -

v as a basis for deriving sqch}igggégisations has Important implications

-
~ o f .

for what the theory of pepformance shou}d be able to do, in terms of

. ' n BN ) :

the kind’ of inférences whiéyﬁ;heugheory
. ,_:§ .

(¢ Specification of Outcomeé“w_f'qu [ . y
- ye *

v
a -

by, . ‘ ~
. For a number of years it hgé bein gé;erally recoghized that the
- N «

goals of instruﬁtion could not be defined merely as "knowledge" or'

A LN

- 1/ .
+ . . Lo
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Ve L
"understanding" of a certain domain of content (or information)
. ¢ 7
cons1sting of congepts,’ facts, relationships, and principles. Such

»

a definition implles that some sort of cognltive represen;jflon of the

~

_ content daomain h?s been ac4uired, but does not indicate what an

. .

' individual shoui be able to do 1n that domain. Without a specifica-

2
.

tion of the tasks which one should be able to perform, the ex1stence,

much less the utility of the cognitivE representation cannot be
L ° R .

[N

. demonstrated. ;

In reactiod to the vagueness of educational goals defined im terms
\ , .

of content, the'more recent emphasis has been on behavioral objectives:

The originators ’of this emphasis (Tyler, 1950; Bloom, 1956; M;ger, 1962)

have been primarily concerned with providing a firm operational basis
L]
for évaluation, but such objectives have been used more and more as the

basis of planning instructional sequénces and strategies.

\
Written at}various levels of detail, be?avioral\objectives are
. , . N
essentially tai% specifications. The stimdlus conditions in which

s .

performance is ‘o be observed is described or at least bounded by

implicit limits, and the response or responses which qualify as.:

successful performance are defined. While behavioral dbjectives

e
are sometimes rightfully criticized as too narrow in scope, or

\

-as obscuring the oyera&i organization of content, the value and
N . N I

- ~

necessity of defining tasks is now commonly recognized.

N V

Not so commoql& rehngﬁized however, is the fact that a variety
o \a\ o

of educational outcomescah r@sult from instructionsoﬂ a particular

task, even when all students fully.master the tagk. To specify




N
« ! M *

1nstrqu1onal -outfomes, some descriptién must be prov1ded of what is

learned, or how the observable task performance is carr1ed out. - In

complete form such a descniapion would st%fé what the underlying
. \ ‘ ) *

skills.are, how they operate dur}ng task.performance,'and how they

Jx" ~

-

-

.
were acquired or reorganized dnring instruction. - o i
’ Evidende:for diyersity,of learning ln th: same task is abnndant \
in psychological researen'on'learning. A conéidera?le portion of
« i . >
research on learning is directed toward analyglng what 1is learned

.

when a human or animal acquires the ability'to perform some task.

3
»

One of the clearest examples of alternative modes of learning and
M » N N * R
» C.
performance in a simple task comes from research on concept

%

identification learning. One ‘can-learn to perform this task either

by discovering“the‘claséificatien rule required to correétly'sort
N . “ ' /

_positive and nekative exempﬁars, or by rote learning stimulys-response
¥ .

associations to each exenplar presented. There is nothing ip the

- ]

or1g1na1 learning data which clearly different1ate§ Fhese ‘alternative

}; A ¢ . ‘g \ . ~

outcomg§. However, as-Lowenkron (1969) demonsfraged, quife different

. performance results on subsequent reyersal tasks, or in.classification

of new exemplars: The rule learning subjects can éorrectl& classify
new exemplars whereds the rote learners cannot. The rule Learning\
subjects reveree.rapidly; but the rote learners slowly.

A similar’phenomenon‘shgws up in learning-to-learn s;udtés in

a

animals. Both cats and monkeys readily acquire the ab ty te perform

the cats being’®

one-trial peversals in a successive position paradigm,

even more rapid learners than the monkeys (Warren, 1946).




-11~

-~

S

. Subsequently, the;moﬁkey can immediately perform an object discrimina-
tion learning set at a high level, whereas the cats respopd as if

A -
. they had received no prior training. This is true also when the

successive reversal task\{f based on object cues, rather than.

positions, although in that case the monkeys acquire the reversal b

“learning set more rapidly than the cats. ‘—”/ ;

Both of these examples indicate that the supposed operational & .

- p?ecision of behavioral objectives is largely illusory. No successful .

science has yet been Quilt which deals exclusively with directly
4 . . ‘

observable events, and the behavioral sciences will not be the first

PY . .

exception. All sciences find it necessary to postulate unobserved

-’

{or unobservable) entities and processes which relate to observables
N . . r ’ .
Y \

~ in complex wa#%. It is ‘true that the job of specifyingequtcomes in

b

terms of skills will be more difficult, the nature and operation of

skills will have to be inferred from indirect %yidedce. Nevertheféss,

I ~
i

y» the gains in realism and power of prediction should make the effort

w

worthwhile. “

+ « fn
F

Recent developments in psychological studies of learning .

indicate that pureepperitionism-iﬁAthe style of the 1940's and 1950's

1§ quite dead, 'All theoretical positions have been augmented by

o

a diverse host of mediational, information prqcessing, or statistical

sampling mechanisms which increase both the precision and testability

[y

\

’

of the theoretical conceptions involved.

|

| e . Coe o
| In summary then, outcomes must be specified.in terms of skills
|

if the generalization or transfer potential of instructional outcomes

-

is to remain under control. Specification of skills requires.the

o\




. ‘ Yo12- N “

o
N .
-

development of hypotheses about the skills enabling task performanée.

- Yy
such hypotheges mediate*predict{ons about observable phenomgna, which

*

-

permit indirect .verification of the hypotheses. ‘ !

One common reaction to arguments' for speeifying outcomes in terms

-

. of skills might be that there is little reason to care how,.the task is
. J

1 [N

pérformed just so that it is performed. This reaction- would be entirely

(Calid if the tasks included all the performances which the instruction

1

.

S v : , ¥
was imtended to enable. HoweverY educatioglls not provided simply Q;\'fi
for the purpose of enab®ing the student to 'perform the items. of a

v .

. posttest, The whole justification of edfication is to prbvide the

»

individual with capabili;ieg\which can be wsed to handle the ° .
, . 7
7 requirémqyts of various @dverse circumstances which the‘Gégaries -

of life present. Thus, the particular skills which:Zre acquired

make a great deal of difference in what kigds of new situations the

—

student will be able to handle.

Presently, it,ig impossible to anticipate completely what will .
- be required,of any individual once he leaves the educational system,
~ .
This is particularly true when the rapid pace of cultural and

technological change is Qonsidered Nevertheless, iL should be
. {

possible to determlne what skills and skill systems have the broadest
' transfer potential. " The "ecological validity" of outcomes could also

be investigated empirically, by examination of cultural practices in
L3

.
relation to various disciplines, as well as the projection of future

trends in the development of ,disciplines. The classical empbasis on

.

' “understanding" was correct, though #ncomplete, since it was based on
. ' ° (

o




Kid

the notion that general cognitive magtery of a system of "ideas in a
- L4
. . »

.

[}

>

discipl}ne was essential in d?aling with novel situdti'ons related to

)

that discipline. ‘ .
. N
[} - -
(2) Specification of Assessment .
T~
R !bis problem is closely related to the first. If a task can be

performed in more than one way, then syccessful performance bn items
. - N .

~ Ll

*
of a pérticular type repredenting one task does not indicate how the
. LN

s -~
-/ task‘was performed, It also becomes very difficult to think
» 4 e -~ .

realistically.in terms of psychbmetric models in which ability

. a

(and items) are arrayed on some continuum from low to hfgh ability

. (or easy to difficglt items). ‘It seems much more realistic to think -

’
£l

. of varjations in performance among students as résulting’ from different

& . 1 >
ntypes of léarning so that sdmething akin to Lazarfeld's (1959) latent

. 0
3 structure model would be mére useful.

If the processes underlying performance are tonceived of as s

coTplex interacting system of skills, with an overall probability of
N . g‘
o

correct response generated as some function of¢the probabilities of . )

successful operatfon of various components, then a quite different

view of testing seems in order.

¢ -
Suppose first that alternative skill systems are postulated as <

the gasig\of‘fask pérformance. In this case, the objective of testing
i‘euld'be to diagnose which system ié operative in the individual

case. On the othFr hand, if the operation of a particular skill system
. ,

has been.established, the objective should be to diagnose the
. R ]

“«

effectiveness of the system's functioning.
3 [ ) L]
“*»
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‘In either case, a complex seffes of items seems to be called for,

rather than one item type for a particular task. Based on the kinds

of hypotheses which were discussed above, théagﬁems can be carefully

designed to permit inference$ to be made concerning whether or not

.

the intendkd skill outcomes were achieved. Items cgn be designed

to tap various skill cpmponents separately or in combination, or

¢

v t ) . a
—designed to manipulate independent variables known to influence

skiﬁl operation in pfedictable ways. The inferences would, then

flow from the paftern of ‘item performance, rather than from Artificial’

* «
quantification of performance levels.
¥ N

., The payoff of a‘diagpostiC'approach to testing is obvious.

»

" Diagnostic testing would'be.clearly advantageous ih formative evalua-

L . . .
tion, since it would pinpoint weaknesses in instructional procedures.
After development, diagnostic testing is an essential ingredidnt of

. . ¢
individualized instruction. Given the test results, readiness for

>

subsgquent instrﬂffion can be determined, predictions made of

instructional time, and alternative routes or r!medial instruction
. ¢ ~
7 PRY ~

s

- .o T
prescribed as th® results’ warrented. i o
Diagnostic testing may not be practically imbiémentaﬁge under

’

presént condi;idns. Howéver,_moves in this direction are commonly

‘ :d

regarded as desirable and inevitable over the long tgrm, and they-

“would seem to follow naturallj@ffom the kind ¢f theoretical con- . -
Y

ceptions of human performaBEe which should grow from intensive work
\\
in skills analysis.. Such prospects feem worthy of considerable
‘b
»

investigation. - "t !

\J

L}

[l




=15«

(3) Sequencing of Instruction ) ' ‘
" : A student cantiot work on and learn to perform many tasks at the

. same time. When instruction over the period of a course, unit, or

v

éven a lesson is. considered, the need for some plan for ordeking the

- .
+ sequence of instructional myents is obvious. Giveh a set of tasks
' \ ’ : L] .

which have been chosenas a basis r instruction, the tasks can only ’ v

. s .
Al

be mastered in'some order, and presumablyy

/ A\
\

ome orders will be better

than/éfhers in tgrms of the overall effectiveness and efficiency of //,- X

v . 4 i /

ingtruction. : g
' Most thinking about the sequencing of instruction is based on ' LY

. - -/

the task analysis work of Gagfe Ci970¥.‘ Followiﬁg techniques adapged///

from the.deﬁelopment of training in military and industrial settings,

Ve Lt
a complex behavioral objective is broken down into component perfor-

a -

- mances which are thought to be carried out duriag the overall complex

performarice. In some analyses, the components seem to represent the
sequence of actual performances whichemust be carried out in a particular
‘ .o @ .
order to perform the complex task. . In other analyses many components
. ' ¢

'seem to represent performances which serve as ‘the basis Qgr acquiring

“other pgrformances involved insthe complex task, but®*which do not

actually remain in the final form of performance which is achieved.
Either wéy the task analysis replaces one cogplex task with a series of
other tasks arranmged in a hierarchical orderiﬁg. In Gagfie's view, such -

a task hierachy can be presumed to 1ay out the proper order of learning . .

and instruction leading to mastery of the complex task.' Although the

- distinction between tasks and skills (Smith, 1972a) is often overlooked,’
. o . ‘ )
task. hierarchies are generally considered implicit hypotheses about

L)

) underlying skill structures.
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There does not seem to be any real basis for most such hypotheses.

AW

If the complex task consists of a sequence of steps which nust be
- .’b \ .
carried out in a given gorder, separate tasks incorporating individual
‘ Pt ' "
. steps.can often be taught in a variety of orders.’ It may be possible , = ¢
- ) .
to construct the sequence of behavior starting at the beginning, or

. . -

the edd, or even in the middle. Furthermore, each of the steps can

themselves be recognized as involving a complex systems of skills,

’
, *
critical

-

and analysis of ‘the skiIls for each step provides the

information’needed to devise an appropriate ordering of instructjion.
e
L4

Take, as an example, novel word-decoding based on spelling-sound

-

correspondences rules. This task can be regarded as' involving two

steps: 1) production of a sounded-out version of the novel word \\\

and 2) blending of phonemic components to produce a word with correct

pronunciation. Which of these should be taught first? Only analysis
of the skills involved in tasks associated with each step and\research
based on hypotheses generated by such analyses gin provide ;n ;nswer.
Situations in‘which ce;tain performances serve as a’basis for 2

‘learning other performances seem to be more in liAe with G;gné's

assﬁmption. On a broad scale, it i; quite likely fﬂat there are
-unavailablé prerequisites for many tasks which are inherent in ;he

nature of the tasks themselves, and which can be easily identified n
without much'argumént: Most educators would assume that the ability
to perform arithmetical operations necessarily precedes training
' with their abstract algebraic repreSentations. If can be contended,,

however, that some skill model is always implicit in such aséumptions,

and once examined explicitly the prerequisite relations often do not

a3

seem so compelling. p

ERIC |
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> ( . ~ .
. Classificatfbn, for example, is based on a class rule involying
2 .

the values of cgﬁéerial variables. Thus one might easily suppose that,

the ability sp describe elements in terms of values for those variables
L] r .

is prerequisite to classification. Yet, it is well known that the

<

4

# '™

- Given a series of objectives for reading, one is not likely to

ability to classify can be.taught, and is learned for many classes, °
© : ’
long hefore description tasks based on variables and values can be

performed. The acquisitibn ofvvalue labels and. the communication of
4

a class rule‘often seems to follow qn the heels of cIas%;fication

. ¢
,

learning itself. Detailed study of the skills involved should

»

reveal which order of idstruction is likely to\prove more . \?

~

advantageous. -
A maj{;/defect of the Gagné approach is that it focuses so
much on the particular behav1ora1 objectives in hand that it vends

to obscure and fractionate the relationship among tasks which involve

similar skills, evéh though the tasks appear quite different.

»

consider how these tasks relqte to those of spelling since the S-R

relationships are essehtially reversed in the 'two cases. However,

-
~

when one examines the underlying skills'iﬁ%olﬁed in reading and

spelling, a considerable communality in skills is discovered which -

~suggests that they shouldbe taught together in some fashion, rathgr

v
>

than sepa}ately ot in some fixed order. When a word is spelled,

the situation for word readings is inherently created. Certainly,

much accuracy in spelling comes from the fact fhat mispellings which
¢reate unreadable nonwords will immediately be recognized as incorrect.

[

" N
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The primary criteria which can be. ddopted for the design of

sequences of instruction are that 1) the skills requjréd to perform

o'

© certain extra-school tasks are provided in a timely fashiqn in relation

\ - to the demands which the culture ;¥£ﬁes on the student, and 2) the

- positive transfer potential to subsequent instruction is maximized
~ while the negative transfer potential is minimized. +s was pointed

out in 'the discussion of outcomes above, detailed skill déscription

-
‘.

is a key ingredent of any attempt to understand the utilizaqion and

.

transfer of learning, and in the design of instruction confrolling

these phenomena. o . .
Much empirical information 'on both the "ecological validity" of

skills, %gd principles of skill application and transfer will be R
9K . :
neededto" follow such criteria. Detailed skills analysis work -
promises to lead'toward such information in a way which hierarchical "

task analysis by itself cannot. Later sections of the paper deal with the

'. [ 4

problems of application(and transfer in greater detail.

L]

+ (4) Specification of Instructional Stjrategies

[y R -

3 -
- N
Instructional strategies are baséd on knowledge ;;>}he events -

and conditions which ﬁroduce effective learning.’ Current 'recommenda-
B - \' s

P

tions about instructional strategies are largely based on task -

. o , .
taxonomies. That is, various types of tasks gre recognized, eacH
. N ! -
of hhich‘is supposed involve a\different kind +of learning and té
N ‘.

require somewhat different events and conditioms for that learning

Pl [N

“to take place efficiently. Gagné (1970), for example has identified

< ~

etght basic types of learning, add has presentqe principles of
§

e

instruction applicable to each. N

N .
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' , ‘ : '
The recomwendatioﬁ is then made that tasks which define the

objectives of instrpction be identifidd acco}dind to the type of

. o v
9earning involved, and an instruction strategy be designed based on
Ehe principles for that t&pe. c e '

-

\ The problem is that since most tasks im¥olve a complex system of
~ LY v A
skills,\ many kinds of learning are invdlvgd in the mastery of a
- . &

pafticul;>\task. Consider again the sounding-out task ﬁentioned‘

" above. A deteiled analysis of skills-sinvolved in this task (the

. ~ LYY
presentaflion of which the reader will ‘b %hpared).suggests that at

leastggour; and perhaés.more of the typis éﬁ learninrg rec0gnized£by

| et A

) v
| Gagné are involved in mastering thils tgsk.

’ ’ . %
| .~ The design of instructional strategies must start from a‘description
., ‘.3 . - i R )

%f the skill system available at the beginning of instruction, the skill

. & .
\ - .
system to be reached, ard knowledge of the way in which experientes

arid practice modify skills or reorganize skill systeﬁs. Then a series

of instructional events and practice requirement$ can be devised to -

move the initig; skill systeln through'a series of stages to reach the

Y * L8

desired outcome -stage.

a

It should g%gclear that the nature ¢t the outcome dictates this

“;q? . }‘. 1]
process, while the task does™not. Given a particylar concept identifica-
v‘ \ A N “ .

tion task, one coJ;S_design lnstruction t3 prodEce either rote learned
ass&ciations between the pa;ficplar stimuli used fnd the responses,

or to prod;ce learning of a ¥ule which would enable any stimulus to

be classified._  Which should bé\doné can only be based on a decision o
-that one or tR® other resylt is desired. ,

% ’ - ]

1
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There ig/ékgreat deal of psychological literature available 6n

the nature of learning in many kinds of laboratory tasks. It has~

been very di Uit to apply the results of this literature in !

designing instructional strategies since the tasks izéflved in instruction

“

are so unlike the standardized laboratory tasks. Task analysis alone

cannot insure that the correct analogy has been drawn between a lab-

[

oratory task and the behavioral objective at issue, Yet the perfor-

RN

marice of either draws upon some types of complex human performance '

skills possessed by every individual. When both ,laboratory tasks and

tasks selected for instrucgion are understood in terms of skills, then

the way in which the results of psychological research can be'applied -

is easily seen. If paired-associate learning involves skills in cue
R - Vi

selection, storége, retrieval, and response integration, then variables

which influence these skills ia various ways as discovered in research

-

on paired-associate learning can be managed for facilitating effects in -

>

qgaétevef educational task involves these same types of sk}lls

DEFINING AND ANALYZING SKILLS l . :~
. VariousafacpiCS have bgen adopfed by psychologisfs and gducator§

as a means of defining skills. In many cases- the distinction befween

skills and task performance is not maintained, a skill s{mply_being

tge abiiity to perfofm.some task. A slightly more sophisticated

approaéh defines skills inﬁirectly in terms of tasks, as the mechanisms

which underly thé\ability to perfqrm a given task, withdut bothering

to’get more specific, Correlations of performance on different tasfa\_«

+ L *

is often used to infetr the presence of common skills. . ' -
‘o . ‘4¢w5
T

.
[ '
. ’ \

.8/




j§ deduce observable consequences, and check out the walidity ‘of. the

-

]

3

~is to postulate the existance%f some mechanisms, assign properties to x

i -21-
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When more limited interests in performance are involved, particular
characteristics of task stimuli or responses may be used to define skills.
When the stimulus features of a task are held constant, or implicitly
understood, a response-based definition is likely. When the response
features are constant or understood, stimulus features may be used.
Similarities in the stimulus or responée features of tasks are often
used to infer the presence of comABn skills.

Another course is to define sKills indirectlx\%n terms of the
conditions or variables.which influence %earning or performange on
one or more tagks. When a particular variable influences pe;formance
on several Qa;ks in a similar‘fashion? the tasks.often may be inferred
to involve a common skill or skills.

' As the prior discussion sugéesteq, all methods of defining skills

in terms of tasks, or directly in terms of task performance are unsdtis-

factory. The only satisfactory way of dealing with unobservable entities \

.
) /
4

the mechanisms including some systematic connections to observables,’

predictions in one way or another. This method has become increasingly
dominant in psychological theory, and is the one adopted here. Thus,

-

all the skills will be defined as covert, unobsgrvable mechanisms

/Nhavtng some indirect relation to observables

A later paper will develop the method of skill-ahaiysié in much
greater detail so that only a brief sketch willbe presented here.

The specific method grows out of very general assumptions about. the

nature of human performance and skills. “ -

YRR
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5sJa general working hypothesis, it is assumed that all fask
performances are mediated by an information processing svstem. The
igfotmaﬁion is in the form of codes (representations, schema, congept
imagés,;or any other words you like) and processing is carried out B

* by reans of various kinds of operations which transform one code into

another. A skill is defined jointly by the input and output codes,

and the loperation performing the transform action. Operations may \
. A
*also be |coded, so that some skills transform operational codes, as L )
well. ‘ \
/ ‘

Four general areas of skills are recognized, as illustrated in
Figure 1. Skills in these areas form the processing system jnterposing i
between stimq@us and response in any task. First, there are input

J

. skills which receive external stimuli and transform them into coded

3
substitutes which are amenable to further processing. Second, there

are processing skills which go through the various operations required
. N ‘ .
to get from the stimulus codes to response codes which are required

’
by the task. Thiéd, there are output skills; which convert response
codes to observable behavior. Finally there are control skills, which’
transform operational codes, and act £o regulate the sequencing and
organization of the other three tfpes. Also listed in the Figure
are some common psychological terms used to refer to the kinds of

" skills involved. )
The quegtion remains of how to use this machinery to generate a

description of skills involved in performing a task. It is assumed

that there are (or can be) codel for every relevant feature of the

stipulus situation. Additional codes are derived as needed from
®
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CONTROL
{ . cognitive
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INPUT PROCESSING e OUTPUT -, B
. o ' ~
S attentithal associational J verbal and R -
verbal and per- and decision- t motor skills
ceptual skills hmaking skills |
e * '
.
\
o . .-,

Fig. 1., General skill areas assumed to be involved in any task
performance. )

-




ERIC

Aruitoxt provided by Eic:

-2l=

memory, assuming that the relevant past experiences have caused the

codes to have been stored. Note that the codes avaiYahle to the svstem
¥

are controllable by manipulation either of the current environment or
- L]

past experience,

>

It is further assumed -that all codes are potentially connectable

by some operations, if relevant training is given to establish the

connections. Then given the codes and their potential connections, a

plausible pathway is selected to carry. from stimulus codes to response

codes. This pathway identifies a control program (or strategv) for

the skill system involved {n performance. oOn examining sthe Connectkons

~

between codes, plausible forms of operations to perform the transforma-

tions can be postulated based on current theoretical conceptions of

.

processes underlying behavior. The result is a description of a'
.0 N -

7

possible sequence of steps carried out to perform the task, where

. . L4

each step is identified in terms of an operation and the codes which. '
\

. ]
gerve as input and output in the step. - . N -

Such performance strategies and skill descriptions are not

intended to bé realistic descriptions of the way in which tasks are "
) . . e »
actually performed given any current instruction, although various - @

[

ideas about how tasks are performed may enter into their formulatio%, '

Thg’analyses are intended to produce descriptions of potentiallfy

.
.

trainable outcomes, which will be descrfptive of performance if .

instruction can be su6cessfully designed to achieve such, outcomes. '

* .

If the, availability of codes and the nature of connections are’

controllable through instruction, then the outgomes shouid be feasible,
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In such an approﬁch, many alternative skill systémg éan be ')

proposed within the limitations of the task definition. The relative

merit- of alternatives remains as a matter for judgment, regearch, and

M R -
results of development and evaluation to decide. At préseﬁi, the main

*

objective is to arrive at skill descriptions which meet the need of ‘
\~ d-

’

instructional design, as they were putlined in a prior section.
A .

/

The present approach is préscriptive, rather than «lescriptive,

.

following the suggestion of Bruner (1966). Once such outcome p%escrip—

] b4

tions are combined with systematic principles successfully dealing with

]

the problems of instructional design, a theory of instruction of the

i
kind whicq Bruner proposed will have been developed.
) .

RELATION TO CONTENT AND TASK ANALYST4

Y

The applicability and generality of processes ‘and strategies

depénd on the structure of the relevant conceﬁtual systems and the

-

overt performénce requirements to be made on the individual! Thus,

the épecificg}ions for domains for skills andlyses should reflect

. these two aspects of pofential instructional outcomes. The specifica-
tion of these aspects are primary purposes of content analysis and ‘

task analysis, respectively. While content analysis identifies and '
. A

deseribes the kinds of conceptual systéms represented by the knowledge

q{\various disciplines and subdisciplines, task analysis'idéntifies
. * g

and describes the performance requirements ;elebant to a given kind '

-

" of conceptual system.

Without, sufficiently broad content arfd task analysis, there is no

»
Al

N
basis for(determining the applicability and generality of proposed

[y

-
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influences the performance requirements which should be placed on the.

-26-

-

précesses and strategies. Furthermore, broad content and task analvses
; !
may be suggestive of géneral strategies whos® utility would not be

%}ident from a narrower point-of-view. Analysis in the context of 3

isolated conceptual units or tasks might result in strategies wﬁich

0
Y

will nat be useful for other tasks or when additional coficeptual -
units are involved. Attention to conceptual systems and sets of

related tasks facilitates the identification of comprehensive

S

strategies and insures that lower level strategies will be compatible

) -

- -

. Another reason for the strong emphasis on content and task - <0
' *

anaiyses'as a basis for skills analysis is tte relatively large amount -
of resources required for skills analysis. Careful selection of the

1

domain for skiltls ahalysis is required to enhance the probability of .
p;yﬁff without enormous expenditure of resources.

Procedures developed for content analysis (Smith, 1972b,\1972c;
Smith & McClain, 1972; McClain, 1972) in?olve the identification of

the specialized or systemic concepts of a discipline (e.g., weight,

32 pounds, cagpivore) and their‘classification as examples of various

analytic concepts (e.g., variable name, value, ard class name). The

logical structure of many tworks of systemic concepts can then be

represented by a few networks of anélytic concepts, This structure ™ -
; ‘ .

f ! .

v .
learner as well as how these requirements can be fulfilled.

A selected analytic network proviaes a focal point for task amalysis

(Smith, 1972¢). Potentially important performaffce requirements appropriate

for an analytic network can be‘descriﬁed free Af systemic content.

}
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Tasks defined in this manner specify the logical operations required,

L]
+ » but not the skills with which those operations can be carried out.

c-— J

-

A sét of important tasks for a broadly applicable analytic network

provides an appropriate focal point for skills am®lvsis. For example,

an analytic network frequently found illustrated in primary schence
- ° 13
curricula is the variable+value network. This network is exemplified

4

= by systemic networks such as those associated with weight, length,

temperature, color, etc. A number of description, comparison, seriation.

.
and sorting tasks have been identified as important competéncies for

such networks. Skills analysis identifies processes and strategies by

which such tasks can be carried out, Strategies and processes found

.

i épplicable to many tasks across a variety of these systemic networks

e

can then be selected for developﬁent in instruction.

' ) CURRICULUM AREAS AND TYPES OF TRANSFER ‘

In their recent handbook on techniques of evaluatiort, Bloom, et al.,
(1971), recommended that the educational objectives for a curriculum
area be represented by a two-way matrix, with types of tasks represented

along one dimension, and areas of content along the other dimension.
. N '

The celld of this matrix then represent particular kinds of objectives,

o "'(i.e., task performance in relation to content), and can be used as a

’

- basis for defining item formats.,

The_techniqués of content and task analysis briefly described

. - A

above enable such matrices to be prepared to reogesent a curriculum

(/ area with much greater precision than has previpusly,bken the case.

N LI el

t (41’ Co
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. > ’
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The proposed techniques suggest that a curriculum area can be

represented by several such matrices,.one matrix for each analytic

network. The columns of the matrix represent an inventory of thé

. [

systemic_networks which exemplify the analytic network, and the

rows comprise an inventory of tasks defined in terms of analytic !

.

~
concepts.

So far, skills analysis has been discussed only in relation to
tasks without regard to what systemic content the task might be

applitd to. It should be made clear that with each new sét of
¥

s

.svétemic content, there will beﬁcontent—specific skills to be,

acquired. The implicit asidgftion has.been, however, that

strategies  and additional processing skills can be identified

" which will "apply to all systemic networks subsumable under an

a?i;ytic network. Viewed in the context of a task-content matrix,

it can be seen that this extreme assumption is probably faulty,- at

-

least to some degree. Certainly,* there are special characteristics

of some systemic networks which will require special adaptation of the
L) - .

strategies and general processing skills. At the other extreme, too

many such adaptations would make the notion of generally applicable

strategies and processing skills meaningless. it seems reasonable
. [

to assume that the actual case lies somewhere in between, that is,

that strétegies‘and processing skills applicable across some range

will extend across entire curriculum areas for manv skills and even

further for some. - ' . ,

One main implication of curriculum rePresentation by task-content

-

matrices is that training on a variety of tasks with a variety of

content is highly desirable. Furthermore, since training undoﬁbtedly
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cannot be conducted in,relation to every cell of the matrix, special

-
w* .

provisions for transfer ot generalization of skills and strategies are
required so that the results of training do in féct, have broad

applicgbility. . ) T ..

As has been indicated in the prior sections on the specification

s

of outcomes and instructional sequences, the primary contribution of

skills analysis to instructional design is the basis it makes for the

management of transfer. Two ki¥ds of transfer can be distinguished
\ -

which are related to the d;mensions of task-content matrices. Lateral

transfer is the effect of learning to perform a,task with one kind of

, \ i
systemic content on the later learning of that same task with other

«

systemic content. That is, lateral transfer is transfer of learning
across the rows of a task-content matrix. Vertical transfer is the
»
b
effect of learning to perform one task with certain systemic content

on the later learning for a different (generally more comp%ﬁ}) task

-

for¢the/éame systemic network. That is,:vertical tramsfer occurs
A 1
between cells in the“same column of a task-content matrix.

In general, vertical transfer results from the acquisition of
s . ‘

systemic procedures and concepts (i.e., the, acquisition. of skills

R
with specific input and output codes). Lateral transfer, on the

»

other hand, results from the acquisition of analytic concepts and

.

procedures, (i.e., the abstraction and generalization of the -

étrategy or control program for a given task). The -sections which

.

follow discuss in detail phenomena of lateral and vertical 9nansfer
. . .

and the design of instructional Sequences to facilitate transfer.

L4

4 ]

The views on transfer of:the present paper derive from work on




-
b

learning sets in"thp case of lateral transfer“ and from work Gﬁ"—-w

-

’ aw -
learning hierarchies in the case of vertical transfer.

VERTICAL TRANSFER AND LEARNING HIERARCHIES ) : :

A learning hierarchy is a sequenced set of .learning events bv

which a.relatively complex skill system can be acquired step by step. °.
(Gagné, 1968; Smith, 1972a). The primarv consideration in the desi%n
of such a hierarchy is the achievement of substantial positive transfer

\

from one learning event to the next. The mechanism for such transfetr

is the acquiéition of specific skiils with particular input and output

codes. Once acquired in the contexf.of relatively simple tasks, the

skills are.potentially available for &Filization in the performance

of more complex\tasks. The contribqtiép of skills analysis t; the
design process'is, first of all, to ide;gifx skill systems with which
important tasks‘can be carried out. Selonfily, it provides a basis

for identifying tasks which can be carried dut with smaller compaaknts
of those systéms and can therefore sgrve as enroute learning steps..
If the skills analysis is adequate and appfdbriate instructional
procedures are employed, mastery of éBTQEEe outcomes should develop

-

skill components required for higher level outcomes. This in turn
. | '

should greatly facilitate the attainment of those outcomes. That

is, mastering all.the outcomes in the hierarchy in order .should

require less time and/or result in higher levels of mastery than

had the students simply practiced items for the t%rminal outcomes

themselves.
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Skills analysis conducted on the basis of prior content and task

analyses allows hierarchfbal relations to ‘be defined between ‘tasks, /
) . '
frge of systemic content. Such relations aré expected to hold across

many of the systemic networks exemplifying the analytic network in

>

terms of which the tasks are defined.

x The hierarchical relationship and the role played bv skills
analysis in its explication are illustrated‘by the following examples.
Figure 2 presents a strategy, and hyp%thesized processes for ggrforﬁing

a directed description taski In this task, the individual is presented

AN

with an element and’the name of the variable on which it is to be

observed and described. A value describing the element on the named

N

variable is required. The strategy defined for this taék involves .

matching the element to one of a set of‘standards labeled with

corresponding v;1ues. The strategy consists of a sequence of process- |
- t

ing steps and decision points. The Processinéﬁsteps aré defined in

terms of‘inpﬁt and output codes. Th;y represent eithersprimary processes,

taken as primative functional units, br secondary processes, themselves

o=

defined in terms of primary procéssesx Several primary processes are

invélued in the strategy #llustrated in\ Figure 2, including interpret,

find,'notice and compare. The secondaty process observe is involved
~

‘a humber of times., Many primary processed represent fundamental

¢
.

processes similar to those studied by psychologists. Others represent
'more complex behavioral sequences which, because of their common

occurrence in the everyday behavior of children may not need to be

.

further analyzed.

r -
~ . \ !
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' task name ‘ “lon e
. | ’ N
-
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\
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]
'COMPAREQZ perform dard
features of OBSERVE stan o
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N value of S Sy value |} ' value
N - SN
|
-\\ .
S
RETRIRVE AT SELECT * |
OBSERVE obs¢rvation on element feature of :
action - ¢ \ element
4 . \
\ . p
= : ' return /
| ' ¢
\‘\ .. "
- \\ - ‘ ,
\ . . ’ P
. ‘ Y ' ; .
Figure 2. Strategy and processing steps for the-directed descrip~-
N tion task including the OBSERVE subroutine. ! :
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Figure 3 presenpts a similar analysis of a directed comparison .

. ' . v -

task. \In this task the individual is provided with two elements aqd .

‘the name of the varia?le on which they are to be compared. The oy .

L) L
s ¢ b

requireiment is-.a report as to whether or not the two elements are Y

N

the¥same on the named variable. The strategy involves a comparison. - . -

‘e

of the appropriate percepiual,features of the elements. The skills :‘,:' ;

v - > . N .

PR
analyses for these two tasks indicate considerable similarity in the - ° - ) .

processing skills required for a given set of systemic-content. ‘The

directéd comparison task involves the interpret, act,\selett and %

comgare,prima%y processes, -and the observe secdndary process in 3 A
much the same way as the directed description task. However, the
description task strategy involves obtaining an appropriate set of ’

standards (fidd), multiple applications of the observe process, and .

the applicaéion of interpret and report to a vafhe, none of which - K

" are involved in the directed comparison task strategy. The strateg§

~ - )

for the compgrison task also has fewer steps and fewer decision points,

. 13

and may therefore’gharactefizéa as less complex. . . ok
The similar?tﬁabetyeen these two‘strategies is clear. The*' : t
decisiog'concerning which should be lower in the hieT4rchy seems i .
, reason;bly clear. A co&plicating factor'is the requirement of a ‘ /i/—\ir\
verbal tesponse of "séée" or "not the pise" fouAd only ;ﬁ the com- . . L
- N . t

parison task. However, this step does not seem complex enough to .

.
. N e

outweigh the unigue requirements noted for the description task
: ) B
strategy. Such judgements about the relative complexity involved

in thé\gz}é:e requirements for a pair of tasks will be required in ‘

' ) : "
almost all cases. The reason for this is that some alternative means

P

[ERJ!:‘ . | ‘ SR / ,

' ' . .
Aruitoxt provided by Eic: . DR -
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of obtaining the needed input and providing evidence for the output

of a skill component twust be included to make up a task to serve as
. . ~ .

a vehicle for that skill component. Thus, a perfect hierarchy where

each task involves only a subset df the skill cpmponents of the next

higher level task is, in préctice; an unrealizable ideal. However,

this does not imply that hierarchical sequencing of outcomes based

on shared skill components is not possible or useful as an approach

to instructional design.

The en-route outcomes in a learning hierarchy are typically less

cqmplef than the terminal outcomes, that is, they involve only some
Sf the skill components required for the terminal outcomeQ\and'few
additional ones. One exception is aqb"en-routé" vutcome wh}ch is
itself an imﬁortant ougcpme of equal compleé&ty, but which es
skill camponents with the "terminal" outcomes. The ordering of the

two outcomes may be arbitrary, but the potential for positive transfer
should not be ignored. N
The transfer effects anticipated on the basis of common skill

-

structures such as those described above apply within a domain of
systemic content. However, different systemic networks exemplifying
the samg analvtic network share common features of logical structure.

It is therefore assumed that learning hierarchies can be designéd

»

« ’ '
so that the same en-route tasks are used for a variety of parallel

systemic netwprks. This assumption is reflected in the above examples
where the skill analvsis was described at the analytic rather than the

. N .
systemic, level. Thus, the learning set acquisition\yiew of lateral

A

~
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»

transfer can be thought of -as applying to parallel’ lédrning hierarchies

- .

as,ﬁell as to (fndividual) parallel tasks. It is not,¥§§gmed, however,

that one kind of hierarchy will be applicable to all systemic networks

w d

‘eifmplifying a givéh aﬁal;tic network. Furthey distinctions between’

classes'bf~systeﬁic contenE will almost cértainly be required for

pd};bses'of learnihg hierarchy désign. . .
.One further possible extension of the present approach which can

be envisioned, but which is nPt treated here involves mastery of a -

task domain. Eollowing'the procgguref for content and task analvsis

—

which have been.devi?bped, it is theoretically possible to prepare an
exhau§tiv€Tin;enEory oé tasks in a domafn relevant to a given content
~area. If all F;sks in the domain are subjected to skills analysis, it
is similarly possible to'inventsry all relevant skills and skills )
, o — . . .
systems.
It would certainly'be impossible to directly teach all skills systems
to ensure the mastery of a{l tasks for all content. However, it may be
possible to insure that a sufficient variety of tasks are prac}iced
to insure tgat all skill components are acquired. Furthermore, it
may be possible to identify strategies for skill recombination and

reorganization which would ensure rapid mastery of any new task in

the domain which might arise. Thus strategies might be devised to
, N

.

prombte vertical transfet as well as lateral transfer.
Thts conception’goes welj beyond that of Gagné's iearning

hierarchies. Aiming the skills analysis at a small numﬁer of selected

' w

S

terminal tasks barely scratches the surface of the potential for the

-




=37-

&

management of transfer which flows from the systematic relations

¢

.among content, tasks, and“skills involved in the approach which has

been presented here. * d ‘
LATERAL TRANSFER AﬁU.LEARNING SETS
& When humans or animals‘are given &-large number of learning tasks

. x
R R )
[P B

L Y .
of the same type but.differing in cantent, moge often than ifot rapidity
R AL
8
of learning each new task infreases substantially as successive tasks ? }
are mastered. This progressive improvement in rate of learning has

- MR ol

“ and the ability formed to learn -

been termed "learning—how—to—léarn,'
a new task rapidly has been called a "learning-set."
The outstanding example of learning-to-learn in an;mals is the
object—di;crimination leafning set démonstrated by Harlow (1949).
When rhesus monkeys are given a large number of two-choice object .
’discrfmination problems, each presented for a small constant number
of trials, the raEé of learning each problem'improyes graduallv.
* After 400-500 praﬁlems.magt monkeys show performance well above the <
90%‘1eve1 of‘correct responding on the secdb&‘frial; &hireas‘they"may ‘
only have performed at FheﬂSOZ—6OZ level originally on that trialg-
Acquisition of a learning set has converted a slow, labotious learming
process into one which is essentially complege after the initial trial
which giveé the animal the necessary information as to whether or not E)
the object first chosen does or does not hide thé réward plaged in a N . .
food well below the obje@t.l . @ .

Similar cumulative positive transfer has been observed in many

of the standard human learning paradigms. Procbably the best understood

-




case of ing—to:learn in humans is conceptual rule learning in
)

the concept identi tion paradigm. Initially, there are wide

~

differences in difficulty between concept-identification problems
having different conceptual rules (Haygood & Bourne, 1965). Affitha-
tional rule problems are easiest, with'conjunctive, digjunctive,

conditional, and.biconditienal rules being increasingly difficult in

that order. After many problems‘have been learned with different

relevant dimensions but the same rule, the rate of learning each of

« ™ .~

these types of problems improves. Ultimatély,'suffTEiéﬂt‘imprévemenq

accrues until subjects are learning them in a minimal number of trials,

-

the limit determined by the minimal amount of “information required

“

. .
to identify the concept. ‘The differenceg in difficulty have been -

eliminated betwéen'the various rule types.

The mechanisms which are involved in learning-to-learn phenomena
are Snly beginning to be understood. Yet in every casg which has
been intensively studied, the explahation for marked cumulative transfer
seems to involve the acquisitioq of an informaEion processing and
learning strategy thch enablés succes;ful performance on'each new
problem with little, if any, new learning reqﬁired to handle tbe new '
content. That is, the relevant information about the.new content is
gathered efficiently and used in a short-term fashion, avoidingithe

b J

laborious and slow rote learning of S-R assdciations characteristic
P .

of the inexperienced learner.
Inirially, rhesus monkeys learn discrimination problems about

the same way as any other animal, by acquiring approach or avoidance

- “ . .
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Aruitoxt provided by Eic:
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" tendencies toward the objects as a résul? of reinforcement and non-

reinforcement. The experienced rhesus monkey, however, follows a

v
win—stay,‘iose—shift strategy with respect to objects (Levine, 1970).
On the first trigl some stimulus features of the object chosen on that
trial are stored, together with information about whether reward ("win"

or "lose") occurred or not. On the second trial and later trials, this
) .

. ) ) .
information serves as a complex cue for response selection based on,

’

the rule "If 'win,' on previous trials, stay with same object on next

.

trial; if 'lose,’ shift to other objeet." The fact that this'is a

short term performance process, rather than more rgpid rote-learning

is evidenced by the fact that within one hour of training the learning-. .

set trained animal remembers little more about the correct object than

v

an inexperienced animal, despite the much higher level of performance

reached (Bessemer § Stollnitz, 1971). Evidence that the reward has a cue

function rather than a rewarding one on the first trial comes from ex-

periments on object alternation-learning set, which require a win-shift,
5 .

lose-stay strategy just opposite to the normal one. Monkeys learn-

how-to-learn such problems qufte readily. That monkeys can learn to
* i

respond consistently to the object other than the one rewarded on the -
[

N

first trial is a finding difficult to reconcile with any traditional

reinforcement theory. :

L]

In the case of conceptual rule learning, the subject comes to adopt

'

what has been called a truth table strategy (Haygood & Bourne, 1965).

The éxemplars caﬂ be identified as belonging,to one of four subclasses

based oﬁ combinations of values %or the relevant dimension. It oniv remaiﬁs
Q

> .
]

RS
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to determine which subclasses go with which responses. This can be .
done after one or two exemplars are known. The inexperienced subject

however, very likely begins by learning specific S-R associations for
~t

.

a considerable number of particular exemplars before abstraction and

generalization occur permitting a general classification rule to be
\

discovered for .that new content.

A Y
.

Before learning-to-learn can occur, the learning problems which

!

> . .
are presented must have a common structure which permits a common

.

strategy to be utilized. Another requirement is that a large number of
content examples must be available to provide sufficient experience

with that type of task structure so-'that a correct strategy can be )
- 4 . ; - .
learned. - .

\ . '

The procedures for content and task analysis in disciplines were,

*

designéd to ‘establish task paradigms meeting these coriditions. Content
" 4

' is classified and‘qrganized according t9‘pna1ytic networks so that a

large number of systemic networks are available involving parallel

comceptual structure. At the particular level, sets of materials
can be constructed to exemplify each systemic netwbrk. Each set of

-

materials can be used along with all of the types of tasks to establish
learning-to-learn paradigms as a basis for empirical research on learn-
ing sets with realiétiq school-subject content. This situation is
analogous to.having a large number of pairs of objects, and various.

A} «

types of problems based on the use of pairs of objects, or having a

large number of sets of stimulus patterns using different relevant

variables', which can be used with a variety of conceptual rules.
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Having established task paradigms and parallel content, it

would then be possible to conduct a number of studies of lea;ning—tb—

-

learn-to uncover and describe the kinds of learning and performance

strategies which emerge in such paradigms, and which represent the '

d -

1earﬁidg sets which have developed. This is a basic research route
¥ ' +

which over the long term would permit one to select an effective

-

strategy and design explidit instructional procedures to ensure that

all children would acquire such a strategy for each type of task and”

conceptual system invol;;d iﬁ the relevant educationgl settings.

A basic resear;h approach, however, would be very time-consuming
and expgnsive,'given the large number of possible tasks associated wiQh
each anqu’{; network, Furthérmore, children's strategies may not be
the most efficient or broadly applicable. An alternativé is to employ
a prescriptive rather than a’descgkptivg approach to the analysis oﬁt
skills which are involved in the learning and performance strategies.

The present’ assumption is tpat the strategies, or control .
programs which regulate Iéarnihg and pegformance for a particular

type of task, can be directly taught given that the' specific skills

that- they regulate have been acquired. That is, once the conceptual

¥
" Iy

codes which form the'input ang output of processing skills have

Seen acquired, and the ability to perform thé operations is available,
. a8 learning and performance strategy can be organized and acquired in

the course of: learning how to perform a certain type of task.

Presumably, trajning of this kind with several systemic networks

¥

would be required for the full development and complete acquisition

of the strategy. In subsequent encounters with that task and new

AR




systemic content, the strategy will mediate lateral transfer once
»

.

the relevant codes and the content-specific skills involved in the

task have been acquired. ) !

" The entire sequence of instruction relevardt to an analytig

network can be envisioned something as follows. First, the concepts
of a systemic network are acquired and simple tasks involving basic

skills for that network are learned.- Mastery of these skills

- facilitates ‘the subsequent learning of more complex en-route tasks

. U

‘oin a learning h%erarchy. The strgtegies.that the children are

taught to use in these tasks build up the strategies for the.
PN

terminal tasks which have been selected. This process is then

&

repeated for another systemic network exemplifying the samé

.

analytic netwogk.lvThe specific skills required for the new’
} . . ¥ ’
systemic network are acquired, but the 'same general strategies

are taught as the childrén master the pgék hierarchy with the new

.

content. This cycle is repeated for magyy new systemic networks. s
Facilitation of learning is likely to result as the child abgtract§

the strategy from the repeated systemic~éxamp1es. This will probably

.

allow considerable abbreviation of the task hierarchy for the

. -

later examples. It‘may ultimately permit tFrminal task pérformance

to follow immediately the acquisition of the new systemic concepts

and the basic skills for those con&epts.
] »

Consider as an example the variable-yalue analytic network.

Acquisition of a learning set for a task such as directed comparison

»

does not mean that one can perform this task immediately with any

variable. After the strategy for directed description has been acquired,
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but before it can be applied to a new variable-value system, the
4 2

concepts of the new variable, the values, and the steps of the new
measurement or observation procedure must b€ learned. Once skills

based on these concepts have been acquired, and the basic operations

which form the steps of the strategy can be carried out, the components
. A4

are available which permit the strategy to run off to successful’task

y ~.

completion.

The intYoduction of analytic concept habels may enhance the

lateral transfer effects of the acquisition of a strategy for
N .
important tasks. For example, the introduction of "temperature' - .

as "a new variable" signals that it has something in common with
'
previously encountered variables, and mdy thus mediate the applica-

tion of the strategy. The availability of analytié¢ concept labels

-~
.

also maké it prdctical, to present general verbal descriptions of

-

the strategiés themselves. Of ‘éourse; it -vemains to be séen at' what
A ' A
level such devices may be successfully introduced. . - * v,

YA B o . R

Analytic concepts and thei£ labels permit;the definition qf- \
analytic skills and strategies which are probably the éubstance_of"
very general and powerful inquiry skilf. If a'conceptuai system
representing the variable-value network and the class member network A
have been acquired, for example, a student presented with an unfamiliar

classification of elements may afquire a strategy for discovering

_relevant variables and the class definition. In general, when the‘
student is capable of identifying what network is relevant from

given comgonents, he cam be taught to inquire into the’ nature df.

the missing components.
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CONCLUSION \
‘ ; AN
, A major goal of the Conceptual Skills Activity,ié“the identifica-
tion of an interdisciplinary core of conceptual—semantic&complexes
which can serve tq mediate the subsequent acquisition of more specialized
coﬁplexesu Another, closely relaCedtgoal‘is the specification of '

instructional systems which insure that this interdisciplinary core

§
is acquired and uti‘@!ed in ‘the course of further instguctionr The
7

*

inigfial approach to achievement of these goals envisioned a sequence
of steps including a general specification of the K-6 curriculum
content and organization, a comprehensive identification of specialized
conc?ptual'complexes, and finélly the complete identification of a
common interdisciplinary base of core concepts. The present paper
fleshes out thi;\sggipegy and, in the pézcess, suggests that a good
apptoximation of this base core may be identified prior to completion“
igtthe comprehensfve analysis originally envisioned.

Content analysis of'a'subject matter area as described brieffy
above results not only in a listing'of the specialized concepts
" involved, but also in characterization of the structure of the
conceptual systems involved. It appears that a relatively small
number of different types of concepéual system are invyolved in a
subject matter area, and that similar types of systems recur in
several areas. A particular type of conceptual system, represented
by ; general paradigm or analytic network, can then serve as a

L

focal point for task analysis and skills analysis, Only a sample

L)

\
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of representative specialized conceptual systems or systemic networks

need be availabl€é for conducting the task and skills analyses and for
carrying out empirical studies. a

The view of -curricular content as sets of specialized examples
»

of¥a small number of analytic networks led to the selection of a

t ’ » 3 . » » 3
learning 'set acquisition view of .the, mechanisms mediating subsequent
/

learning of other specialized conceptual systems. The identification

of a sét of tasks appropriate to any specialized exampie of an analytic
network defines a set.of parallel learning problems. Skills analysis .
of the sort described above is required to identify strategies and
processing sgills by which the tasks can be carried out. The inter-
disciplinary core coﬁcepts which mediate the subsequept learning of
specialized concepts are, thus, the analytic concépts gradually
L formed as the learner acquires a.sampling of systemic examples.

‘The brésent approach {dskills analysis is unique, not only by
virtue of it; close relationship to subject-matter content, but also

-

in the extent to which it reaches out to the unmappéd frontiers of

‘psychological résearch on cognit;ve processes. The specific mode of
skill‘;epresentation in terms of information” processing steps and
strategies is admittedly speculative and open to révis}on or even
abandonment if experiénce probes‘it unproductivé. The promise of the
approach requires considerable evaluation in well-controlled experiméntal

Iy

research designed to produce the kinds of transfer effects which are
: .

anticipated. In .addition, the practical consequences of Tollowiz% such

a procehure should be examined in attempts to design and develop

instructional protocols in realistic subject-matter contexts.,

Iy

* X
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. method to selected tasks important in the primaryv science curricultm.

. characteristic of a discipline. é%%h network is associated with a

deéigﬂing initrucgian with task arrangements promotiég transfer. Once ,

WOrking Paper 2

AN INFRMATION PROCESSING APPROACH TO SKILLS ANALYSIS (TN 2-72-49)
Janis ﬁ%Cla{h and Edward L. Smith.
\

‘
t 'o‘i\. - L
In an effort to establish an appropriate framework for the design

of scienceg instruction, Smith (1972) has identified several networks
LT . , ' , ~
. / . . K} .
of interrelated analytic concepts. These mnalytic networks represent P

abstractions of the structure of fpecialized conceptual systems

L
set of tasks generated from the components of the network (i.e., the
] R \ ’ )
analytic concepts). Tasks, or performance requirements described in
. : \

terns of observable inputs and oltpués, are differentiated from the

4

hypothEtical skills which undefl%e performance af the task. Shared

underlying skills ‘reveal the behavioral relations bgtween tasks and
L}
algiw predictions of transfer betwéen tasks; 1f a skill or group
‘—u\ *
Q
of skills is involved in each of two tasks, the leafﬂhng of one,

task should facilitate the léarningfof the other. Thus, for a given
) . ¢ -
| ) -
rask domain, the identification of skill substTuctures is useful for .

’

/
skills are identifigq, it is possible to choose en-route tasks and

sequence inétructbpn so that early’tasks have skill c0mponenls which
/. ¥

r

] 1 N . .
are involved in later anq/more complex tasks‘CBessemer & Smith, 1972). s

4 1
The present paper diécussg? an information processing method ¢

for identifying skills and illustratel the‘apblication of this

4

- 0

'Ihis approach,; analogous to that utilized in cdmputer programming,

» "', —
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o

enables one to identify processing mechanisms which are sufficient .
for successful task,performance. A task routine is prepared consisting
of a sequence of prﬁfessing steps gnd decision Doiﬁt?. Each processing

L 1) a .
step is either a primary process, taken as = primitive functional unit
. &

defined in terms of input-output relations, or a sécondary process,
itself defined in terms of primary processes. Many primary processes
are closely related to fundamental processes studied by psychologists.

As such, they represent plausible hypotheses based on current psycho—

-
.

log1cal knowledge Others'may represent more complex behavioral
]

. sequences which, because of thefr\common occurrences in the everyday

life of children, need not be further analyzed, at least for the '

purposes of the present paper. o
The actual preparation of the processing routines takes place

in two stage(s. In t:he first phase,‘preliminary routﬁles are designed
' .
which specify the strategy and the general nature of the processing

f ]

steps. Several examples 'of such routines are descYibed in the ,paper.

Many decisions about the .adequacy tegies can be made at this

ﬁ—x\w/level,‘including the .ap

domain. ﬂmcejedch criteria have bedn fulfilled,”; second phase of

the strategy to a content

. ™ : : \
analysis is éntered in which‘the processing steps are givefi a
. 7
psychological interpretation~ THis,phase is illustrated in the.
; PR ;

4

last sectior of the paper, .

AN
The tasks sgbgjted to ilLustrate the skills analys1s approach
)

are associated with the Variable~value analytic network. This

networﬁ involves the entities which are the objects of study in a

~
+




O

‘ERIC

Aruitoxt provided by Eic:

- given discipline and the characteristics or properties used in studying

(

them. The principal componeﬁts of this network are:
elements - . the entities (e.g., objects, events,
constructs, symbols, etc.)
variables - the characteristics or properties of
. elements (e.g., weight, color) which
are used to describe or otherwise
study elements

v

values - the terms assigned to elements for a
given variable (e.g., rectangular, red)

observation/measurement - that pfocedure which, for a given
procedure : variable, results in the extraction
: . of value information about an element.

For this network four types of tasks have been identifieé: ‘
description, comparison, seriation, and sorting (or single vaziable
classification) tasks., For each task type, ‘terminal or outcome tasks
ha;e been identified. Thé three description outcome tasks have been -
selected for the present illust;ation. ’ .

Table 1 (taken' from Smith, 1972) summarizes the three description
outcome tasks in terms of given and required componentE and illustrates
earh task with a sample item. For.some routines; blocks of several
steps have been differentiated from othe{ steps and gréuped togetger
;s subroutines. These may recur in roudtines for several different

<

tasks. Figures 1-5 diagram'pfocesses ifivolved in the description

routines and subroutines. As will be discussed later, the specific -

s

processing steps involved in 2 given task are influenced by the K}nds

»

of systemic and partdicular content of that task. The routines

diagrammed here are'appropr{ate for discrete object elgments and’

\

A
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qualitative variables for which the relevant featureg can be obtained

. -

through simple perceptual observation. .

. PROCESSING ROUTINES FOR DESCRIPTION OUTCOME TASKS
The nondirected description task, represented bv the item'shell,

"Describe this object in as many ways as you can,"

requires an ex-

haustive description of the object in terms of variables whose choice‘

and number are, determined by the child. An overview of the processing

steps involved in this task is diagrammed in Figure 1: Two subroutines

are identified whose steps are diagrammed in Figutes 2 and 3. 'In brief, é
the nondirected description task routine requires recall oé a variable .,

and its observation/measurement'gfocedure‘from memory, and .the sub-

sequent execution of the procedure and reporting of obtained results.

These latter subroutines involve the identificatiojfbf standards with

" which the element may be compared. These standards*may either be

recalled or be available in the environment of the child as, for ' )
example, in a classroom situation where color samples are displayed
(see Figure 2).' For qualitative variables the child must compare the
element to each standard until a matching standard and its .value are
iaeutified (Figure 2). ‘In the nondirected description task, the only
giveq component is the element. The child must supply from memory the
variable, value ;nd observation/measurement procedure. Furthermore

be must repeat the routine until his supply of applicable v;riables
is depleted (Figure 1).

* The directed description task (see Figure 4, and subroutines of

e

Figures 2 and 3) repreéented by the item shell, "Describe the (variable

-~
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task
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element
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matching
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perform
REPORT

Processing routine for the nondirected descrintion task.
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.
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OBSERVE

REPGRT

SELECT
new
standard

ACT
on elemert

¥

ACT {
cn stardcard

COMPARE
element with
standard

RECALL
observation
action

are
standards

No,

vailable

\

RECAIL
new standard

No standard

4

REPORT
standard not
recalled

Yes

recalled

ACT
on element

"

»

COMPARE
elemert with
staridard

new standard
needed

.

‘-

Y

/
eturn

Figure 2. Subrcutine for carrying out the observaticn procedure fer

a qualitative variable.
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REPORT

No

REPORT
value

RECALL
value for
standard

-

REPCRT
by gestur
standar

—

oo

REPORT
value not

Figure 3,
) tive variable.:

recalle

Subroutine for reportirg results (values) for a quElita—
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n;me) of this object," is very similar to the nondirected description
task with the difference that the variable is a given (rathér than
being selected by the child) and the’e}ement,is described only

on that variable. As indicated by a comparison of Figures 1 and 4,

b
the processing steps ipvolved in the two tasks are largely the same,

with the maiq‘difference’Peing that:&in the directed description task,
the child must decode rather than recall the variable name. The
"observe'" and ''report" subroutinés are used in both tasks. Decoding
is viewed on the analytic level as a recognition of the kind o% network
involvéd and the. role of the given component in tﬁat network (i.e.,
understanding that the task is associated with a variable-value network
and that the given component is a variable name). Once the variable
name is decoded, subroutines executed, and a value on the given variable
re;orted, the directed description task is completed; there is ns
repeating of the routine, as in the nondirected task.

The eleﬁent selection task, of the form "Pick out the object
which is/has (value)," has as given components a set of elements and
a value, and requires an opservatién/measurement procedure and the
’selection of an element.described by the given value. The routine,
diagrammed in Figure 5, involves an initial decoding of the wvalue
and identificatidn of the procedure. The basic processes invadged
iﬁ the execution of the prqcédure are very similar to those required
in the nondirectqugpd directed description tasks'.(i.e., there is

)
a search which terminates upon a matchijg of element to standard).

The major difference is that instead of comparing one element with :




. . //\
5 : A

I

- irected
description
\ task ot

. DECGLDE ’
\ - variable
) name &

Yes
R — L
h] y .
perform . )
OBSERVE REPORT L
’ variable name . .
ot under- :
. . stood . . )
resuvlt No
obtained T T T e -
] ? ¢
perform '
REPORT Stop ° .

Figure 4. Directed descripticn task processing routine.
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v
RECALL DECODE
observation value
action ,
RECALL

standard
available

element
select;on
task

standard for
given value

ds
standard

ACT
on element

COMPARE

standard

element with

No

REPORT

recalled

REPORT
standard not

No

by gesture to
the elemep

Figure 5. Element selecticn task processing routine.




,more than one s}andard, the element selection task requires a comparison
of the standard with more than one element. Also, since the value is
given, the "report" may be simply a gesture to the matching element.

. 'As evident in Figures 1-5, although routines for each descripfion ’
™~

" task differ in certain respects, there are many information processing

requirements which are common to all three tasks. The processes of
\ .
decoding and/or reporting variable names and values, recalling and

!
executing an observation action, and comparing.element features are \

invariant. Thus, at least within the limits of the defined area of

‘
)

content, there appears to be a set of basic description tasks which

can be carried out by means of common skills.

VARIATIONS IN SYSTEMIC AND PARTICULAR CONTENT

Some distinctions among types of.systemic and particular content
. - !

have important implications for processes and strategies for a given —_

»

task. The routipes discussed above were developéd principally in
reference to s&stemic and'particular ébnteﬁt apprOpriatevaE'the

K-1 level, i.e., the description of simple elements, (e,g., discrete
S v

objects) in terms of common qualitative variables whose values are

» . .

easily observed. Certain types of'eIements3 variables and values

-
.

will require sttategies whidhdaev;ate at some points with those

i
-

'diagrammed above. The distinction between qualitative and quan- ‘

tipative'variablesﬁhéS"alfeédy been mentioned; for quantitative

E ] &
variables the comparison of an element to standards involves

an ordering as well as a matching operation. A subroutine
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v

for carrying out the observation procedure for a-quantitative variable
where standards are available is diagrammed in Figure 6. Note that

.

another subroutine, "order'" (Figure 7) is included in the observation
a
procedure. .
The form of the observation/measurement procedure can vary within
the same Variﬁble a; well as between different variables. The procedure
described above involves a relatively simple perception of the element.

Procedures which require several steps or which utilize measuring

instruments necessitate additional and/or alternative operations in
P

-~
’
“ i

the routine. LV
Distinctions among general classes of elements (objects, constructs,

events, symbols, etc.) als have'ihplicatioﬂé for task strategies. For

qxaéple, the observation/measurement procedure described abTve applies «

to concrete eléﬁents which can be perceptually encoded—-thiﬁg§ which

«

can be seen, heard, touched, etc.--rather than to less tangiﬁle elements

- such as events, systeﬁs, or constructs whose description prééumably
involves more 9oﬁp1ex operations. ’

In general, whilg.many content distinctions such as those .
meﬁtioned above are associated with variations in the description
routine,' these variations appear to be specific and to affect only '
.ot certain parts of routines or subroutines. For example, in the

nondirected description task, quantitative variables or the use of
measurement instruments .or gauges in the observation/measurement

procedure only affect certain segments of the subroutines diagrammed

in Figures 2 and 3; the basic description framework as outlined in
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actioen No
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OBSEPVE cbservation
acticn
perform
CRDER -“stancards
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ard
,—/// Yes |
SELECT . ACT
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on element
ORDEP. -
element and
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elegmert® wirh
standard
POS1ITION ,
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> - -
1
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. Figure 6.
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3 e

called

i

Y o
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the observation procedure for
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X Plguré'?.'/éubroutine for”ofdéring elements (see Eigure 6) for a
quantitat{ve variable., . A




Figure 1 remains, the same. Althdugh all pgssfble tvpes of content

variation have not been analvzed, it apéeagb that the basic structural
- . 57? .
sequence of the identification of variable and observation/measurement

'
procedures, implementation of the prochure, and reporting of results

Ll

does not charge. \.Xf .. .

{ v
R .

VARIATION WITH PRIOR LEARNING

2t

L]
-

In addition to changes in the processing steps required to

. , -

accommodate differing content; the strategy may be modified according
[N VoL .

to the state of knowledge which has'been acquirgd in relation to a

[

specific systemic network.

R

The description strafegies presented above sere eﬁsigned to
® .

permit successful performance of the task basﬁﬁ(xﬂy on a minimal
. . : ' « ' C L
introduction to the components of the ‘variable-value system which

is being ugilized. After the'child has had considerable experience

» -
* - .. 1

in obtain¥ng valges from éfangards, and applying them to elements, it

would'be expected that fairlv.direct associations betwee} the 'stimulus

N

F
.features, "elements and values would be formed. Thus after consider-
" .
able experience with a variable-value system, tup child eould be

expécted to considerably. short-circuit the open description strategy,

~

for example, by directly‘retrieving applicable values from memory and

reportiﬁg them. After exh§u§eing.his supply of known.valuesey he can

. N - -~
then return to the-basic strategy, taking care not to revort values

for variables already used. ( - .

Quite clearly, it would be possible to propose a somewhat different

t

strategy in which it is assumed that feature-value associations are

-

-~

L]
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rote~learned first, and then used as a basis of description. However,

’

such a strategy would not be nearly as flexible in accéﬁmodating

modifications or expansions related tg_qpntenta nor as effective in

promoting transfer (i.e., learning-to-learn description tasks). A
’ °.~ S

shortened strategy is inapplicable,, for example in the case of’a
quantitative variable measured through the use of an instrument,

regardless of how much experience the child has had with the variable.

FLEXIBILITY OF INFORMATION PROCESSING ANALYSIS

A}

Information processing analysis is important as a tool for

.t

identifying a system oferocessing skills which is sufficient for

A
successful task performance. For a given set of related tasks, the
same basic system can be utilized, with variations made upon it when

necessary. As noted above, the child need not develop whole new
routines to accommodate systemic and particular content of different

types and levels of complexity. Instead, existing routines can be <
made more complete with the addition of new subroutines.

Routines can also be modified so as to reduce the possibility of :

failure at any particular step in the routine. New subroutines can be )

added to faciiitate recall or decoding of a piece of information or to

proéide a means of obtaining that information. The following are

examples of possible routine modifications.

~

ke d
Various associations may mediate.recall of info}mation. In

N

the process of recalling variables for the nondirected descrip-

»

tion task (see Figure 1), for exaﬁple, the child mav bé ab1e~po

’

call up -associations between sensory modalities and variables




(i.e., by systematical}ly asking himself ''What nroperties ‘can I see,
hear, taste, etc.?") so that certain variables might be used that

otherwise would not have been without this-mediating step. This modi-

fication of the nondirected description task.is diagrammed in Figure 8.

Associations between systemic level components might also be

utilized as mediators to facilitate recall. Strengths of associations
"“\"“ . N
- <

between systemic level éomponents will vary."For example, for a given
individual and a given variable, thére may be a stronger association

between the obserration/measurement procedures and values of tHe

variable Ehan between the procedure -and the variable name. ror
r

example, in Ege directed descrigtion taék (see figures 2=4), if the

child cannot recall the observation/measurement procedure given the
c
Pl

name, his recall-may be facilitated by recalling values asséciated

+
&

with the vdri&ble as diagrammedgin Figure 9.

.
Iy

In many instances when a child cannot recall a necessary component

@

or perform an operation, steps may be added to the routine to direct :

L .
him to §qﬂe resource where he can obtain information necessary to " .
' R N ]

successfully complete that step in the routine (e.g., the child may .
go to‘; resoﬁrce book, ask a questigp of his teacher, etc.). An

addition to the directed description task which ecincorporates a simple
example of resource seeking is illustrated in Figure 10.

Other types of aids which might be utilized to reduce task failure

are of a svntactic nature. In the item form of a given task, cluds

to the network or the role of a given or required ‘component mav be

available. .For example, in the variable-value network, the svntax-

-

ERIC - S . g

Aruitoxt provided by Eic:
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(see Figure 1)

RECALL
a variable

perform
{10BSERVE

RECALL

1 4 New sensory

modality

.
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RECALL
a sensory
modality

recalled

Figure 8.

4

a variable

for modalitv

""no more mod-
alities re-

.

Modification of the nondirected description task routine .

(Figure 1) where variable recall is mediated by recall of sensory modalities.

N

.t
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' . ‘ RECALL j
' OBSERVE observation :
. “ action |

b
is RECALL
actlion a value for
reca%led riable

(see Figure 2) !

A3

RECALL
observation
action’

. Yes

. Figure 9. Modification of the OBSERVE subroutine (Figure 2) where

recall of an observation action is mediated bv recall of values associated
with a given variable,
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RECALL : -
OBSERVE observation |,
action N

is
action

recalled
2

Ask teacher ,

| "how can I ob-
serve (variable
name)?"

Yes

is
Yes
procedure

available understood

-

Figure 10. Modification of the OBSERVE subroutine (Figure 2) where
an observation action is ohtained through an example of -resource seeking.
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(pf the item shells,*''What is the X of this object" and "Pick out
the objéct which is Y" helps to identify X as a variable name and
Y as a value. Thus subroutines which discriminate syntactic
structure of item shells might be useful in identifying the task
and selecting an appropriate strategy. The analysis of svntax
involved in task instsuctions or verbal. responses is important in
. ,

" specifying some aspects of language relevant to instruction in

particular disciplines.

N PSYCHOLOGICAL INTERPRETATION OF PROCESSING ROUTINES

In the preliminary routines described above, strategies con-
éisting'of sequences ;f processing steps sufficient for successful
task performance have been identified. These were not, however,
defined p}ecisely in terms of the psychological mechanisms involved.
In the second phase of skills anal;sis, the processing steps$ are
interpreted as specifie psychological mechanisms. Thus, the
preliminary routines specify the problems which need to be solved
by reference to the relevant psychological 1iteratﬁre. For example,

many of the preliminary routines involve the recalling of certain

verbal labels and procedures. .

-,

The psychological interpretation of recall steps requires the

adoption of hypotheses concerning the nature of the storage of such
O

‘items in memory and the processes by which they are retrieved. These
hypotheses are reflected in the selection and definitions of primary

o
processes I; terms of which the final processing routines are defined.

.
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L 4

The level of specificity and detail reqdired in the definition
»

of primary Efécesses is itself an hypothesis, at least initially.
The adequacy of suéh—g§éotheses is judged)primarily by the utility
of the resulting processing routines, (i.e., by the success of
instructioé based on thé; in achieving task mastery and predicted
transfer effects),. The initial hypothesis is ;hat definition of
primary processes in terms of input/o&tpué';elations is éufficient.

The resultant demands to be made€, on a model of long-term memory in

defining primary processes for recall therefore include specification

@

of the natudre of the'information stored, the kind of information
which can be—used to gain acc;ss to stored information and the major
processing steps'distinguished.

Frijdgt(l972) describes a model ofhlong-term memory, some
version of which is utilized in nearly all information processing

theories and simulations. According to this view, information

store is an aésociative network of items or nodes, each leading

_{o any number of othgfdgodes——fhe éssociations of the first .node.

The stored items or nodegls?k generally considered to be concepts

or ideas themselves rather than names used t; refer to them or

images exemplifying them. Although this.is a somewhat vague

position, the important point seems to,be'that what is stored is

not words or images but rather information from which words,

imaggs and actions are reconstructed, as proposed by Neisser (1967) .
‘ :

Thus, once activated or accessed, a node makes immediately available

a number of_operational options. Nodes are accessible by way of

o/
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other nodes to which they are linked, or by way of items or stimuli
that in some sense resemble them (i~e., that, resemble some level of

%

reconstruction) or through the decoding of labels that refer to them.

Figure\ll i11u§trates an associative network which might be drawn
upon for performance of tasks such as the directed descriptio? task
using the processing routine presented in Figure 4. The nédés represeAt
the relevant systemic concepts. In carrying out the Airected descrip-
tion task for éxample, access is acquired to the network through .

processing the variable name. This involves the decode primary process.
» —T_

Decode takes the variable name as inpdt and, since it activates the
"variable X" node in the network, can be said to output ®he variable
"X concept. The "output" of a decoding step might perhaps be better o

termed a result. In effect, the decode process opens the way to many

possibilities, but it remains for the next step(s) to take advéﬁtage

»

of one or more,of them.- The possibility that the individual may be
set to perform another step which then follows automatically from -
the decoding need not concern us here. The‘point is that access to
the storage network must be gained as a result of-the given variable
name. This is the defined flunction of the decode process.

Although many alternative processing steps are made possible by
the decode process, some directing mechanism’ insures that access to thg

observation action node is gained as the next step. This involyes the
s .

-

recall primary process. The nature of the directing.mechanism has not

been further elaborated. At present it seems sufficient to state

that this mechanism is capable of directing the recall process ta

!
!
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Variable X

Value 3

Observation
action

»

ad
- «

Figure 11. Stored association network for a variable-value
conceptual system. '
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a connected node which is related to the original node in a specific
way. Thus, the input of the recall process can be characterized
as one concept and its oufput as another concept. It should be noted

that the recall process, just as is the case with the decode process,

v

\
does not output any images, words or actions.

Once the observation action node has been activated by recall,

an action program can be reconstructed which guides the carrying out

of an observation action. At present no distinction seems needed

between the reconstruction ;nd execution of the action program.
Thus, the act primary process implies both. 'Alternafively,'a
verbal destript%oq of ehe action feuld be reconstrudted,fgret to.'
med%ate,the reconstruction and executivn o}~the/actﬂop progrem:
Both steps represent operational altereatibés’made available by the
activation of the.observation action ibde.:

Similar interpretations can be. given for each part of the
preliminary processing routines based on the relevant psycho-
logical 11terature. The above examples suffice to illustrate the
process. The immediateﬁresult is a final propcessing routine for

each task and a definition of each primary process involved in them.
Subsequent analyses can utilize the,primafy processes previously

defined, thus, thé.psybhological interpretaxion phase will require
less hypothesizing concerning the nature ofsthe processes themselves,
as more final processing routines are prepared

An impdrtantbenefit from the psychological interpretation of

the prOCessing steps is the 1nformati‘h jrade available about the

. . . M
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influence of independent vari;bles upon them. Exfsting knowledge of the
effects of such variables can be used in the design of instructidnal
stratggies‘and in studies designed to Lest hypotheses that’ particular
mechanisms are being employed. Without detailed skillé analysis it is

Empossible to take advantage of such knowledge since there is only the

vaguést notion of the processing involved and therefore what literature

is relevant. . . s

-

CONCLUSION &

Preliminary procéssing routines such as those presehted in the
21rst sections of the paper specify a strategy for carrying out a
task and the general nature of the processing steps required. Thus, .\\
applicability to a domain of content can be determined before more
detailed analysis is carried‘ogt. When their aéplicability has been
judged adequate, further analysis utilizirig current knowledge of the ‘
relevant psychological processes can be carried out. This‘stage of
analysis recaéts the routines in terms of primary processes such ;;
thosg Briefly described in the previous section. These final routines
Rrovide the basis fior predicting transfer rélations among learrning
out comes and-designing instructional strategies drawing on the rel_evant‘°
psychological 1itefadhre. ’ ' L ' X

It should be cecalled that the informagioh processing s%rategies

which have been presented are not infended as a descfiptioh of how

students actually do perform such tasks. The question of whether . -

these strategies are-valid or invalid as descriptions is not relevant.

\
‘e 4

They are conceived as,a description of one feasible and reasonable

‘.

efficient way of performing such tasks, and as being trainable by some
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instructional procedures. The relevant criteria for evaluation
ask: 1) Can ipstructional procedures be devised whiéh result

in acquisition of thé'intended strategies in a reasonable segment
of instructional time? 2)' Is the strategy effective, when carried
out, in producing valuable behavior? and 3) Are the processing
routines useful in predicting trangfer relations among related’
learning events? Whether or not the intended strategy4is a valid
description of behavior is a relevant question only in relation to
children who have :eceiveq instruction designed to produce the

~

strategy. ) ( 1

* \

\.

2t t
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Working Paper 3 Lo

ANALYSIC CONCEPTS AND THE RELATION BETWEEN CONTENT AND PROCESS IN
SCIENCE CURRICULA - :

Edward L. Smith

-

.- *

. ‘ °

What relative emphasis should be placed on the learning of content

(concepts, definitions, principles, etc.) as opposed %g:;;;cesses

. * .

(strategies, procedures, etc.) in elementary science education? The
N .

major projects developing elementary science curriculum mategials in .

the last decade’ illustrate the spectrum of opinion on this question.
’ A

Several projects, such as’ the Conceptually Oriented Program in

<

Elementary Srience (COPES, 1967) and the Cormell Elementary Scievce
v .

Prograrm, (CESP, 1969) placed major emphasis on content. The content

Pd
¢

] » . -
oriented programs were influenced by Bruner's argument that any

»
. 3

knowledge can be taught to anyone at some intellectually valid level
(Bruner, 1966), by Ausubel's argument for the importance of meaningful
reception learning (Ausubél, 1963, 1968), and by efforts of the National

Science.Teachers Association to develop a consensus on the major

conceptual schemes of science (NSTA, 1964, 1966). These programs

»

reflect the view that mastery of basic concepts and principles is the
h 4 - ’

basic requirement for further learning and problem solving.

-

Taking quite another position was Science: A Process Approach,

a program sponsoredeby the American Association for the Adva?cement of

- l *
Scie& (AAAS, 1967). Content wag viewed ws temporary -or unstable,

changing with the rapid development of new knowledge, and as not being

« : - A
broadly geperalizable. A more ew?uring and "general foundation was
sought in basic processeé éf science. The program was heavily influenced

t

~

by theoretical views of Gagné on skills and task analysis.

v
‘

»

-81- '
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Although considerable emphasis was £ced on trvout and revision
(formative evaludtion) of all of these programs, most assessments have
been concerned with the achievement of rather specific objectives. To
date there is insufficient data concerning the relative impact of the
programs (;ummative evaluation) to provide an empirical answer to the
qugstion of the optimal emphasis to place on content and process in the

<Jpng-fange development of general:science skilli. Dggpite enthusiastic

’ “
argumentation by proponents of each side, there is no evidence to suggest

. & . .o
that either approach shduld be discarded entirely. Everv scientif-c
. .
field necessarily involves elements of both content and process. If
science education is to reflect anything of the nature of science, some

" contents., some processes, and some relations between them must be

included. , &

o
Such a balanced approach should not be simply a potpourri of

ijecrfives from ea¢h sides Rather, an analytic base having its own

- ~

integrity should be employged as a means of coo;diaaging cdntenf and

process. Thus, the main-question debated by science educators should

(3

concern the relation between coritent andtfgocess, not merely the .degree

of emphasis to Be given to each.
) The %deas presented in the folloging paragraphs bfov;dé a pre- . .
liminary answer qg?;his question and indiqate how an appropriate anél;lgc.
base for a science érogram‘can be SESigned. The épprpachAégSC}ibed - .
below has be;nﬁfound similar in §evéﬁa1 Fesp?gts to ghég i@pl%éitly

r
L4 .

. L. e -
employed by the Science CGrriculum Improvement Study (SCIS, 1966, 1968a,

-~ .

1968b, 1968c). By making the aqplytib base explicit, precision can

t
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"be increased, and inconsistencies and other problems can be discovered

.

and soilved at the design level (see Smith & McClain, 1972;Smith, 1971).

Three levels of program content are distinguighed: the analytic,
the systemic, éﬁd the parkicular; . The most general and ;table aspects
of science are th% analytic concepts&su;ﬁ as variab{jljdperation,
- system, relation, hypothesis, etc. Analytic concepts are abstractions .Y
from\ghe systems of content of particular disciplines. They veflect - :‘%‘“‘"lﬁ”‘

abﬁb the structu;e or form of that (systemic) content, rather than its

0@’; substance. Méséery of analytic concepts provideiﬁa basis for organizing
investigatidn into new areas, whether first hand or through secondary
sources. bSets of analytic concepts organized into netw;rks can provide
the framework for curriculum design. One such network, built around
the concept of a variable, has“already fegn developed (Smith. & Van Hoin,

‘

1971) and applied to thé dnalysis of outcomes of an extant primary

science unit (McClain & Smith, 1971; 3mith, 1971).

" Somewhat Iess general and stable are the_gystemic concepts, those

specialized concepts basic to the conceptuafﬁgystems of specific
discipl{Pes. Force, energy, atom, ecosystem, cost, profit, role,
response, heed, egc., are important systemfc concepts in their regbective
*disciplines. A v;riety of such concepts is an essential ingredient of

a curriculum designed to devei;pgxnalytic concepts since ithe systemic -
cbncepts exemplify “the anélytic concepts. 8oncepts at this level are
&a1§o\rqquired as a basis for assimilation of specific phenomena or
.Informdtion about them. Withbut an appropriate framework of such

concepts the individual must construct his own. In general, naive

Iy

o 5 I . )
S 1




inductions are unlikely to be an effective. basis for discovery of
new relations, or for accurate comprehension of few scientific
information. Although less general than the analytic chcepts,
systemic concepts do have considerable generality in the diversity
of phenomena to which they apply.

The third level of content is represented by the particular

phenomena with which the student deals in the curriculum. The

student may encounter the concept of weight in the context of the

weights of himself and oth®rs in his class, for example: The
» ‘ .
content .at” this level can be viewed as a sample of the phenomena
., with dhich the student might come into contact. This domain is
| very large and heteroéeneous, varying across individuals as béll

as over time. Thus, thi¥® level of content is the least general and

the least stable. : 5

The analytic, systemi%, and particular levels of content

represent three distinct "lévels of analysis and decision making.

Analysis and subsequent selection of analytic content does not

determine the_systeqic or particuf?f content although it does

hd [

establiéﬁ_criteria. Analysis of the conceptual systgms of various

AN . [

.

P

'-disciblines must, then be cerried out. Content seiections at this

AN - twm o -
. N P . s

level must exemplify the analytic céhcepts alrgady selected
>,
Finally, particular dontent which exemplifies the systemic content

can’be selected.' Additional criteria can and shaufd be adggted .

- O

for selecting among systemic and particular content alternatives ¢
€ )
which meet the compatibility criteFion. P T a

»

25
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The discussion above reflects what is typically referred to as
content. However, the process aspect is not an independent component.
Concepts are not static constituents which the individual merely

possesses; they are functioning structures with functional consequences

-

in behav%pr. In this sense processes are implied by the phrase,

~

"mastery of the concept." Particular functional capabilities of the

-

student with respect t6 a given concept cannot be assumed or left to
chance, however. They must be clearly specified, given appropriate
instructional attention and carefully aésesséd.

At the analytic level, processes are represented by analztic'
) s .
operations defined in térms of the analytic concepts. It is quite _ -

probable that these operations can.be adequately ;epresénted symbol-

4 A;r/;)s

ically in a formal system. Initial antemﬁzsvgﬁp}oying set theory

have been moderately Suctessful (Smith & Van Hornm, 1971;rMcCIain & 1

. Smi;h)/ 19* Smith, 1971)., For example, the descriétion operation .
3 * B £

is defined as a many-to-one mapping of'element% (the things to be
f;/J described) intg a set of values for theivagiable on which the
o description is made (see Figure 1). -’

Detailed specifications of:tasks to be-performed can be prepared

e . o :
.

"* at the analytic level by specifying the apalytic operations the student

must perform, and indicating the analytic concepts for which efamples

s

are identified in "the taskJsituatﬁga and those for which the student

5 . must provide appropriate examples for himself. For: example, one
, -description task provides the student with the elements and a variable
L [ - -
. name. Thé stgégnf must contrifute the values and the observatjon measure-

.- ment procedure in car ying*puk the descfip;ion opéfafion. ‘\

-
*

- - v - - . \ D,

-~
Ve
[N
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Values for Variable x

Elements

Figure l.. A mapping formulation of the description operation.
[ e ..

’
»”

At the systemic level, processes are represented by algorithms

At this level the

.
i

1
or procedures exemplifying analytic operations

description task above might invb%ve the heasurement of weight using
a spring scéles ealibrated in pounds, for examplte. Although limits -
M 4
on the sets of possible elements m%ynbe specified at the systemic ’
. .

Iévgl,‘the final selection of elements (and weigﬁtﬁvafhes) represent

decisiong at the particular lewel.ﬂﬂThus, the specification of éﬁe.

- < " & v .

1 .

chiidren in the classroom’as elements to be weighed would fgpreéent
& = 13 o J

-

a decision at the particular-level. . ‘ ,

N
As formulated above, development of the Pr cegges of science -
. - R 1 .

L]
is not an aMernative to the learning of sdienle content, but rather

.

one aspect of dhaE-is imglied b méstery of’such cq%tent. If properly
organizeé; eth learning e:;nt can ;erve to develop knowledge of
specific phenomena, important systemic cgncepts, and generélizable
analytic concepts. Without such organizdtion, prScessés become isolatZd

procedures with little meaning, power, or utility. Cé}tainly skill &




?

in measuring wefght has no more generality or stability than the
.'\ a -

A
concept of weight. Of course, these effects are not automatic results

of any arbitrary science ‘activity. "petailed analysig and careful
selection ;re requiggd. Furthér, instructional techniques which make
the relations between th® levels functional for the studeng must be
‘identified;. Und;ubtedly, Qerbal mediation will pla§ an important rolé.
However‘;she optimal time for introdg;ing_gnalytic ahd systemic concept

labels, optimal sequencing of examples, and other instructional

problems must be investigated.

IMPLICATIONS FOR THE DESIGN OF A SCIENCE PROGRAM

- - . ’

The above remarks have several iﬂslications fqr the design of
-~ - b . ’ “

a science program. . .

4

{ 1) A set of analytic concepts should be selected before final
~ - Lo
‘‘gelection of content at the systemic level. Systemic

content can be used as raw material for analysis to identify
of assess the generality of analytic concepts. However,

~

if the sysfémicncontent is to serve as a vehicle for the
develoément of analytic cohcepts, the final selections

énd organization at the systemic level must be based on
decisions madg at the a&alyti: level.

o 2) General terms such as deduction, observation, p%edi;tionw

etc., which suggest ope?ations must be defined\ precisely

in terms of apalytic conquté before they ¢ ecome useful

as a basis for decisions at the’ dystemic anh particular

levels. Precise definitions also make prerequisite qsiétions
w \ <

. N «

L
” i

L3
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.

among such operations more apparent, thus facilitating .

their selection and sequencing.
3) Criteria for the selection of analytic content must be

established. These might include:

»

a. Readiness of children to master as indicated by

4

empirical and theoretical literature.
b. Generality of application to systemic .and-particular
content of interest and/or significance to the students.

c. Time and effort required to develop a suitable level

]

o
of mastery. -

d. Relevance to other, higher level analytic content.

— .

ANALYTIC CONCEPTS FOR THE PRIMARY SCIENCE GURRICULUM

¢ (S - s )
A preliminary set ofianalytic‘concepts for use in the primary

science curriculum is described‘below. $The’ concegts were identified

.

as broad}ly applicable in analyses of ext¥nt instructional programs

(Smith & McClain, 1972). ‘Revisions may ‘be made as tasks are-defined

.~
v

and instructional strategies for their deveIOpment are designed.' \\k”

Most analytic concepts are defined in terms of their relation"

L tQ other analytic concepts and derive their utility from those
3" ) . v

relations. .It seems appropriate, therefore, to describe networks

Ly

- B . - . 4
yof interrelited analytic concepts. Although almost all such concepts

' a .
may be related in the context 25 at least some systemic content,

¢

there do seem to be'clusters which often function independentl&.

"The networks describdﬁi%elow reflect the lowest 1eve1 at which the °
\a‘ o t

o 4

concepts seem "to function independently. Interactions among the

networks w}ll be defined at a later.time. - ,

h d
-~
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- ELEMENT-VALUE-VARIABLE NETWORK OF ANALYTIC CONCEPTS
A very basic detwork of concepts involves the entities whose
nature is the subject of study and the features of those entities

which are used to describe, compare, order, and classify those entities.

.
.

These analytic concepts haye been described in considerable detail

- ) .
elsewhere alonpg with analytic operations and tasks defined in terms
4 I3

B of them (Smith & Van Horn, 1971; Smith; 1971). -Brief definitions ’ - -

. /
of these concépts are presented below:

Elements--The entities (objects, events, systems, constructs,
etc.) which are being studied. .

)

Variable Name--Name of an aspect of elements which may vary
T . either from element to element or for.one element across time.
-~

I <)
. Values--Terms representing particular element chardcterizations
distinguished with respect to a given variable.

Observation/Measurement Procedure—-Rule or algorithm which, when
applied to an element, results in the specificatioﬁ;of the
vatue of the corresponding variable which applies to the

element,
. > ‘ ‘ .\J N
Description--A set of values consisting of one value for each

of a set of variables. ' ) .’
Comparative--Term representing the relation between the values
of a single variable (or descriptions\on a'set of 'variables)
wf? - which characterize two or more elements (or an element at
’ ~different times).
. . .
' . Correlational Rule--Rule or,algorithm which; when applied to a
value of one variable, results in ‘the specification of a

value of a different variable. . o
‘W, . 3 . .

THE CLAS§ MEMBER NETWORK OF ANALYTIC CONCEPTS

- ~

K »

- A broadly applicable'and widely. studied network of concepts is ' .

7

E,_n

Q based on the notion Of class membership. This network also includes ¥

. -
e N . .

the conoept of eiement. Other concepts involved are defined as’follows.




" Class-~A particular set of elements. T e

.+ + "Class Member--An element which is in a.particular class.

- | : / :
' Class Definitionl!~-A decision rule which when applied to a-

’. description of an element, specifies whether or not the

L . element is a member of the corresponding class.
. - .. . Y v

"Class Namez--LaEéIHapplicable to any element which is a member
, of a given class; also used to refer to the _class as a whole.

-
‘ R

.y

: C :
WHOLE-PARY NETWORK OF ANALYTIC CONCEPTS — . / —

-

This analytic network is based on a spe

»

cial relation between . ~ ¢ v

eleménts. Each element in the relation is viewed simultaneously at
. [} - [ 7

two levels. IEath is viewed as an element. ' At the same‘timé,_the o
" "whole™ ig viewed as being+divisable and the

part as 2 resalt of a

N - ’ r

diyision. In,gther contexts, éach may'be viewed simply as,

. .

elements. .
-t

i ", ‘Part=--An element which is an integral portion of another element.
. N - "t
Complex Element (who%;}—-

gk element which is regarded ag havings
two or more.parts. : '

'S a Pid X “
. e . : .
s /f@tivify-—A characteristic functioning or behavior of a complex .
oL element .(activity implies complexity, i.e., parts). ~« :
A e .o : ' < !
> Funection--The action or contribution a part makes toward an ’
activity of a complex element of which it is a part.~ . -
. A2y - J . .

a -

M ' .
. ' .
*’N . » . . B . - - A
. - ’ R . " » -
B ]
‘e : '
. R .

- ) ) ’ A . | .
IDefinitions of clagses are a form of correlational rule since,
they redate values of. one yariable (the alternative classes) to those
of one or more other Variables (those on which the descriptions are )
basgd): They are true by'definition,ghowever, since there is no
independent means of assigning valuds. '

0
T

<

. 2Class names serve as values in statements asserting class

membership for elements or relating class memberghip to other
characteristics. ’

R v
. . X . . R .
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PROCESS-STAGE-EVENT ANALYTIC NETWORK
. None of the analytic concepts descrioed above déal explicitly

with the temporal aspect of phenomena although the values and

€

comparatives can*be‘employed in describing changes. This aspect

»seems basic and important enough to warrant specilized treadtment,

The following concepts deal explicitly with the temporal. aspect of
phenomena while relating it to the structural or spatial aspect.

Change--A change is the applicability of two different values
of a variable to an element at two different points in time.

Event--The occurrence of a change qr set of coincident changes
in an element.

Process--A set of temporally ordered changes in an element on
a given set of variables,
- - 3
- .
Stage3--Part of a proceds consisting of (a) a sequential subset
of events, or (b) a period of time bounded by specific
events, -

APPLICATION OF ANALYTIC CONCEPTS- IN CURRICULUM~DESICN .

The role of analytic concepts in the design of a science program

is 1llustrated by the epplication of the analytic doncepbs defined

. e
above to a, list of proposed content for a kindergarten sciencad Te
e . . -

program (see Appendix A)., The list was specified and organizgghat'

the systemic. level. The reorganization resulting from the app}icétion

“ - . K"

v ] . * . A .
of the analytic concepts (Appendix B) provided the basis for the .

.
o

following diecussion'and recommendations. These comments consi%egh

PO v

3Sometiﬁt the form an element takes during a stage is —re“ferred
to as a stage. This is considered to be an implicit statemént pg‘.
"the form x takes during stage y." The stage may be identified by

the form taken during that stage, e.g., larva stage. Jine
! ' o ' N
2 o °
e . by R
' ’ A 1 - - fi d . . 4 .
LD N \ .o
4 \ o i L4 . - r-9
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"

only the relation between the analytic and systemic concepts and do
¢ o 7

. not reflect evaluation of the systemic concepts them

~ L) b
N B

In considering such recommendations; #t is importadt to keep

in mind the assumption, developed above, .that thé primary contribution .

of systemic concepts is the development of the analytic concepts which .
. . ' | .

they exemplify. Tt is the analytic concepts which provide a med%;&ing

device for the facilitation of learning of new systewic cdntent ¢

. Al - \ P b
(parallely transfer) and the development of generalizable inqui)y . )
strategies. It should be recalled that this does not eliminate the .
. .. ° : {- :
nécessity,for‘maspgry of systemic content, however. To the contrary,
oo . (" . ., N . Y v

méstery of systemic concepts is essential, for it is' these which T
exemplify the analytic concepts.. - . . ~ ;

Iy

1, When viewed from the analytic level, sevefal gaps .are

-% ’- - N -
revealed in the proposed lists of systemic content. For
o ‘ . . s Y

example, several lists of parts én'page 24 do not have any

ions specified. Only a few of the class concepts on v

pages 2@ and 27 have any values spedified which serve as
B - . - ( ’ .
- definitions. Gaps’atuthe’systemic level will result in ° ‘ .

gaps at the analytic level. The& also reduce %he'power . ,

- . . .
and usefulness of the systgmic content in the assimilation . :

r .

. -

Qf particular content. It is recommended that systemic

oy

L

. Y .
content be added to fill in these gaps.

¢ . . .
. 2. In some cases, sats of systemic concepts did not .fit any

~, " -

analytic network Oefy well. The phenomenon of burning, . ..
. L4 Lo }

for example "(see page 31), could be treated with wholé-part

-




\l

concepts or wit'Vprocess—stage—eVent concepts. However, ,

the proposed list of systemic concepts does not seem to

‘Eompletely fit either. Such mismatches might be due to

'inadequéciesfin the analytie,networks,or to inconsistencies
<

Whatever the” reason, difficulties

P -

jn the systemic content.
in learning‘céuld result at both the analytic and systemic

e .
levels. Systemic content, particularly at ppe primary

13

devel, should exemplify specific analytic’networks. It is

-

;ismatches occur, the
~

recommended that where unresolvable

systemic content be postponed until a later time.

The proposed list is probably too extensive to allow
H4 —h

adequate development of all the systemic concep%s in a

single kindergarten program, particularly if the first
A}

- recommendation above 1is heeded.

’,

The number of systemic
X ¥
concepts can be-reduced by using fewer examples of each

.

I 4

analytic concept -or by adopting fewer analytic¢ concepts.

[y

Development of concepts in primary children requires

éxperience with a number of exdhples.“ Whiie the oS\iméI
. s , L . ‘
nufber of examples is not knpwn,

\
cut Qpe margin too thin on the first pass.

it would seem wise not to,

Tﬁus, in order

13

to allow time for a sufficient number and variety of
3 )

. particular examples of each systemic concept, it is

»
4
-

d s

“Examples are not necessarily real world'objects and events.
Linguistic usage of concegt labels can also function as examples.
Although some real world exdhples are undoubtedly necessary at the '

primary level, appropriately structured linguistic examples can
.probably make a considerable contribution. -

L)

L)

4




W o . .
‘recommended that the number of systemic concepts be reduced
9 . "

[
L)
-

by adopting,fewer.analytic concepts for emphasis in the

«

N kindergarten program.

4. Although afialytic concepts are the most broadly generalizable,
- --
¢ ~ .many systemic concepts do have Considerable generalfiy in the

-

'/ - *
~vagiety of particular content to which they are applicable.
J \ /
Systemic concepQF applicable in several of the particular

<

. ¢
. subject matter areas covered in the list* are sometimes employed

' - ' \
only in one, For example, the variables "time of ‘day” and
. / ¢

P ’iggumber" (ﬁgge.2§),cduld.easily be ,emploved in the living *~

. * a ¢ .9 .
. .things areas as well as the uriverse area. To inctease the

/\probability-of adequate mastery, it is pecommended that the -

systemic concepts be explicitly employed in more than one

subject makper area whenever possible. . .

5. The content ‘list does mot {nclude any correlational rules
J . . ‘
(e.g., animals that eat ‘grass have flat front teeth)., It is

assumed, however, that some concepts of this type will be

. L
included in the program. Specification of the correlatfonal
~ ‘ . .
rules in which a variable is used is an impoz;j?t step in

\ selecting variables to inclﬁde. Thus, it is Fecommendetd that

’

correlational rale copcepts be specified before selection of

1: ;ariable concepts is made. For example, potentially useful
correlational rules might relate kind of hqbitq} and kind of
'3 body covering, kind of habitat and kind SF part uged for

C, {

! . moving, kind of motion and kind of peri used for moving, and
s

4 temporal sequence and stage of dévelopment. o ) . :

-~ .
. -

~

IRV}
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CONCLUSION : -

This paper began with the formulatioy,of the questionm, ”wpat .

is the relagion between content and process in the science curriculum?”
This relation was defined im terms of analytic concepts. The ‘ : *
. development of  generalizable sfrategies for processing information

v ., .
requires some characterization of the form of the;infqrma;ion te be

3

processeE: Analytic networks such as those described above provide

.a basis for consisténtly organizing systemic contéht in standard

’i

forms. These forfis can be gradually abstracted by the students

Y

under the guidance of verbal labels(and definitions introduced at
ébpropriate levels. This represerfits mastery of the analytic conceptéN\

’ ~/
5 themselves. The analytic concepts are then available as a mediating °

a . . f -

device for obtaining and/ox orfganizing new information of the same fotms. -

« Rather than as an achievement apart from the mastexry of concepts,
\ () . . L

facility with processes of science is viewed as the operationai +«

- > .
aspect of the mastery. The processes emerge as operations defined

. in terms of analytic con¢eets As these are repeatedly exemplified
. at the systemic level, they are brought increasipgly under the studea; s N
control. Mastery at tﬂ) analytic 1eve1 implies the ability to organize
new information tn an approptiate form employing procedures appropriate \ ‘
to that form, i.e., exemplifying the corresponding analytic orerabdons.
The opetrational aspect of analétic concepts will be treated inndetail /
in subsequent papers. |
R If a science program is to have¢an iﬁpaat beyond the mastery

A -

of specific-systemic content, the'selection and organization of that




~ T ‘ d

_ _content must be based on decisions at the analytic level. However,
. \

these decisions are not a sufficient basis for selgctlng systemic

— e -~

content. ., Addltlonal criteria such as those prgposed by Babikian

(listed in Appendix A) are needed. Particularly important’from a

-

“design point of view are criteria concerning the prereqyisite relations

A R
with sets of higher level systemic content.
""f .
It should b&\added that no explicit-criteria for selecting
, analytic concepts have as vet been developed. The selections of , - /
. * 'Y .
* analytic concepts Yor. the present paper were based on their. pccurrence
L 5 ] . ' . A '
in a highly regarded extant program and a subjective evaluation of
_their reasonableness and generalityf The suggestions on page 88 .
4 . ' ' ¢
might serve as.a starting point for developing such criteria. ,
Y g . 2T . ’
; "
» ) A
s . ) ) . . ,
-, 3 ) -
. N /
” ) ‘ v -~ &
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‘. - ' APPENDIX A
. ' SUBJECT MATTER CONGEPTS

‘ KINDERGARTEN SCIENCE PROGRAM
.- Elijah Babikian

. . / November 1971

1 3 ‘ . . g
. A ’ ¢ )3
\) '
1. Crlterlon questlons“for the selectlon of K sc;ence conecepts. T/

1.

. " Can- they be

*

. Are the concepts £gnsonant wit

of the learners? .
[} '

taught meaninéfull

~
N

h the 1nte11ectua1 maturity

y by first-hand experiences?

3. Can they be taughtaby s1mp1e, low-costs, éhd,safe materials?
\ " ’ . ’ , ‘Q‘ ’-\ rd
_ 4. Can they be taught by experlments whlch gulde the learner .
to discover the concept himself? ) .
. z ' ' /
. . , . , -
5 Do they arouse and/or‘éustain students' interest?

. , ’
k'6. Do they helg the chl}dren to acqu1re specifled 1nqu1ry sk111s7 _ t -

o * 7. Are they related to the immedlate enV1ronment of children? .
S ' .
’ . 8. Do Ehey represent all of the five subject matter domains: ) - :
‘ liv1ng things, non-lxving th1ngs, e€nergy, earth, universe ? o
L]
{ ., 9. Do they represent all of the fiye levels of concept abstrac- ~
- tions: properties of matter, diversities in naturg, inter- '
action in nature, change in nature, and develppme in nature 7
. / . " .
A .
" 10; Are they expandable, horlzontaily and vertically, in the ‘upper *

gradég? : t

(L]
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APPEXNDIX B

. . / -
“IRGANIZATION OF PROPOSED SYSTEMIC  »
(CONTENT TATERYS OF ANALYTIC CONCEPTS

.o, .
v ~ - \
N . P

. "

. BIOLOGICAL SCIENCE CONTENT

‘GLASS'VARiKBLE'AND‘VALUE CNNCLPTS

Variable name !,2 -_ \ Values ~ - Elements Characteriked3/
. v . = . ‘ o ' - r
type'of living thing . plant exgmples of nlants
,." .o » - and animals

>
. -
. ' .

animal

’typé df' body covering feathers e examples of animals

\]

S N

hair

scales

skin (oqu)/
shell

{

. :
type of breathing .- gillg examples of animals

topening) Y nostrils N
. * r

means 6f- locomotion - fins " “examples of animals
o - ' ) © legs :
‘wings " .
) - oy ’
of motion wallling examples of animals
. . svimming ) ¢
g ) flying
hopoing .
sliding -
crawling

’

of geproduétioﬁ_ . hatching P éxamples of animals
: giving "1ive
birth"

3
A}

of habitat . in water examn]es‘E?lplants
o land and animals

air . .

ground

- |
' A .
1Names in parentheses were not present in the original list-and re‘lect
selection of the current writers / . X . ‘

2Any class or activity concept can form the basisg for a variable wiih
values "is an x," " is not an x," or "does x," or "does not do x.' Such\ ~
dichotomotis variables are not included in this'list.

‘s

1t values were used to define a class, this is noted hv underlining the
class name, 3

v
i




. Variable name

type of food eaten

. stage of growth

B

WHOLL-PART CONCEPTS
. ;

Complex element

animal

N L./

’

animal
Pd

animal

-

plant

Y

.
~

skin

feathers

scales-
hair
fur
shell

legs
fins
wings

gills

nostrils

roots
stems
leaves
seeds

embryo ™~ L)
seedcoat -~ - ] toe T

|

Values Elements characterized -
flesh examples of animals
;plant v
plant & flesh . N
larva ,.examol;s of animals
pupa .
adult . N
seed examples of plant-
_ germination plants
seedling )
. . .
.~ ‘ ~
. L -
Part Function

body covering L

[ -
’

-

%The entries in this column are also activities of the complex «lements.
This need not be the case. More specialized functions could be specﬁfiedu.




-

ACTIVITY CONCEPTS
s Activitv

" moving (self propelled)
eating, .
growing
having babies

walking
swimming
flying 1
hopping
sliding
crawling
giving birth “live"
hatching
oy

breathing
producing own food
¢

germinating»

s

DESCRIPTIVE VARIABLE AND‘VALdE.CONCEPTS

Variable Name v

size

-

shape .

texture
color

(whether living
or non-living)

»

(orientationz

.

‘

5Underlined terms are classes defined in terms of the activity.

. \
-
Values Elements
Characterifed

small . . seeds
large
¢ylindrical ‘ roots, stenms,
flat - . leaves
branched qoots: stems’
smooth leaves
green leaves
living animalsq olants

. going up

S '3
/ L 4
4 N
‘ Elements or class
characte“rizads
4 .
- animals

examples of animalsg

"animals

plants
examples of plants

A

non-living .-
. . A . .

stems
* roots .

»

going down.

i
’




s

~

o

N

'PROCESS-STAGE-EVENT-CONCEPTS

L4 ¥

Process’

" animal growth

——

plant growth

CLASS CONCEPTS

Clags Name NS
" 4

animals ‘.

legs

fins
wings
nostrily’
gills
feathers
hair
scales
skin
shell

fur -

body covering

food

- Stages Events
larva Vo o
pupa (
adult 3
seed . f‘
. . germination
».- seedling
. .
) 4 )
. Class definition °
Relevant variable Deﬁgginé values
2 ) ..moves by itself
. .- " " " -has babies .
© breaths
o ' eats
. grows

does not move by
itself
produces own food




&
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Class Definition .

- v

Defining balues

r . /
. ~
- ,‘ ' .
Class name ’ Relevant variable
flesh—ea;er . S
.plant-eater
flesh and
plant eater
"larva ) . .
nypa
adult X ) -
. ‘ s
stems 5 (orientation)
shape
- (form)
roots *(orientatiom)
shape '
“(form) .
leaves °, éhape
_ color
. «texture
seeds size
embyro )
seedcoat
seedling i
babies
:\
habitat
water ) .
air
land
ground .

I

going up
cvliddrical
branched .

going down
cvlindrical

- brancbed

flat @
green
smooth

small




"

, DESCRIPTIVE VARIABLES AND VALUéS

Variable ﬁémé,

[

-107-

1 PHYSICAL SCIENCE CONTENT

Value$

. 7(living or nonliving) living

¢

‘weight

color

Y

%
textu?é&
v

'

(hardness) .

-

state

taste

odor

solubility

“

4-

LI
ot

nonliving
light,-er,-est
heavy, -er, -est
equal .-

spherical

regular
circular
cresent

.z

red

orange

pink . .

yellow . /

blue L

white
. black

‘« . smooth )

rough
rugged

hard
soft

‘solid
~liquid
gas
Lo sweet
B . salty

- ... sour

perfume
odorless

soluble
insqluble -

Y}

Elements Described

&

examples of

examples of
:

examples of
seen -

v“
‘
-examples of

examples of
— moon

examples of

examples of
substances
(samples)

examples of
(samples)
examples of

(samples)

examples of
(samples)

obgects

objects

objects

.

-

objects

objects

objects

substances

N

sdbstances

suhstances

~

0

VR 4




~ . &

Variable Name \

. »

*  (magnetic characteristic)

N

(magnetic interaction)
\

4

(temperature)

" (length)

¢
(motion)  « .

(illum@natioq)

N * .
distance

” .

., - lecation

+

number

} _ . .

. (constanjy of light)

time (of~day)

ERIC

Aruitoxt provided by Eic:
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Values

3

magnetic
non-magnetic

gttract
renel

hot,-er,-est
cold,-er,-est

long,-€r,-est
short,-er,~est

goimg up
going down

P
bright

: « dull

far,-ther,-thest
hear, -er,-est
beyond

in space
in air

few .
numerous
o
sparkling
twinkling

day

night

morning

noon .
afternoon
evening

east
west
north
south SR
.right
left
overhead

-

Elements described

3
e

rire

liquid column
thermometer

sun ‘

S Un‘ .
moon

moon

stars

stars

o
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-
CLASS VARIABLE AND VALUE CONCEYTS
‘Variable hame ’ Values
; )
i (kind of magnet) horseshoe
sources of heat sun
¢ elegtricity
¥
) ~ 4 fuel
) ’ , frigrion,
kind 6f natural feature mougtain [ous]
of earth's gurfacé valley
T desert
forest
ocean
- lake
river
kind of construction tunnels
{man-made featur®) bridges
freewaysg
’\ houses (,
A;‘ '
PART-WMOLE CONCEPTS
. /
Complex Element Part
[}
" Earth land .
\ o “water
] - air fO
magnet . pole
. fire(?) smoke
to - ash
(fuel)

%n

process-stage concepts.
to completely fit either.

el

However, the system

[y

Gt seems doubtful that the "function"
in physical science as in biological science
when dealing with mechanical devices, etc.,
charactqristics seems more applieable.,

”

' . vy

Elements described

examples of magnets

Characteristics
or*

. functgonz

13

ic cepts listed do not seem

L 2

of {a part plavs the same rule
It seems gnpropriate only
In{\other cases, the term

phenonenon of burning could be treated as a part-vhole concept or
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PROCESS-STAGE-EVENT CQONCEPTS \\\—-//T
) Process % Stages - ‘ Events L,
heating social ‘ oo
~ -
. melting
~
% , ’ liquid
vaporizing
\ ~ s .
~N . (evaporating)
water cycle
’ evaporation
, N \ . » ‘// < 'd .
" cloud - condensation
rain/snow s
burning(?)8 : paper '
/ (add)heat
. R . 4 fire / ‘ .
ash
r'\ * -
' B : =
CLASS CONCEPTS o ' V.ol
B . - . .
¥ Class name . " Class destriptiecn TV
' Relevant variables -Defining values- /
[ . . '
, non-living: things o ~ cannot move
' : ’ ' cannot grow
) cannot breathe
) cannot eat
cannot have babigs
object ) ‘ ) . #,
- i ' ‘ .y
magnet ‘
o ‘ -
) t
fuel
[ 4
[ w \
N

eThe phenomenon of burning could be'treqfed as part-whole concepts
+ Or process-stage concepts. However, the systemic eencepts li§§ed do not
seem to.completely fit eifher.




. |
. Class name

v
1

Class description

»

Relevant variables dgfining values

.mountain
yalley SN
deser;
forest~

. ocean
lake
river

tunnel

bridge

,fregway
’ . house

smoke .
fire
o ! ash

cloud ) *

‘ rain
=~ fog Y,
smog *

water
’wptercycle
ice
liquid
. solid e
~ . g8’
paper
. . wire
thermometer

earth

sun

- ——— e
.
”

-~ - . -

brightness
distance
position

shiny, bright
. far (2)°

r
E:d
~

91t is not clear how the listed values‘qre.té be used.

EI{I(? ‘ * ¢

Aruitoxt provided by Eic:

4

lg,[ . ’o




»
, ‘ ‘ : ) .
-112- * o
- - \ .
. -
0
Class name Class description N
\ ; .~ - s 1]
) Relevant variables - Defining values
» - ’
moon , ’ shape_ , circular (?) '
, + . full moon ‘
. . . crescent
, texture . rugged . .
: re r ! re ’ -
y 1 , Position, . in space, beyond
* _ ’ .
- stars i constancy of lights twinkling, sparkling
! number . nume rous
.. .
»” (:
) . - .
. N Y
. - "
. ) J ,
l N . < - . e N
. . - N
N 4
5 ' P . <
Y R " .
t ' ¥
> Ve . . *
e \ 4 * )
) o«
[ 9 ’
~ " A ~
L} ’ " ’
te . .
- ) 5
»
1
’ N -
2N \ ) ' | '
W
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&1* v
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ANALYTIC NETWORKS AND TASK DOMAINS FOR A PRIMARY GRADE SCIENCE -
CURRICULUM (IN 2-72-51)

Edward L. Smith

L}
H

In the design of instructip?; §pec£fication of desired learﬁing
outcomes can.be viewed as‘ﬁaving gwq’interrelatéd aspects: structural
and operétiénal. The strgsgural aspect refers to relevant subjecE
matter content and its logical structure, while the operational aspec&
refers to what the learher does with that content. Tﬂis paper discusses

the re%atidh between these two aspects, describes various levels of

» . -

analysis for each aspect, and finallf présents structural and opera- i
tional specifications for a science component of a primary grade

: A S .
curriculum. These specifications define a domain within which degii}ed

skills analyses and empirical invegtigations of instructioral problems
. n . :
can'be carried out. A central assumption uéderlying the current °
- . . 7 \ L
analysis is that appropriate coordination of the ‘structural .and opera-

tional aspects of learning outcomes cag.result in the development of

skills with considerable generality and transfer potential.
t .

STRUCTURA% AND OPERATIONAL ASPECTS OF, INSTRUCTIONAL OUTCOMES
In a previous paper ‘(Smith, 1972) three levels of analysis were
) - ' ' \

proposed for describing the structural aspect of instructional outcomes.
. ,

At the systemic level, specialized concepts of discipline or subdisc{bline

-

are specified (e.g., weight, cost, mammal, and electron). The analytic

14

level represents an abstraction of the logical strwcturé of thé systemic

”

.content. , Each systemic concept is an example of some analytic concept
1




-
~

ke.g., "weight" is an example of a "variable name," thle "mammal®™

is an example of a "class name"). Finally, the particular gontent °
v * . . R .

ng. involves the specific materials, events and so, on which-are used to

exemplify the systemic content (e.g., "mammal" might be exeeblifigd

~ . ".

by pictures of lipns, horses, elephants, and people). v .

Speciffcation of content at these three levels does not, by

1

itself, define the operational aépect of an,instructional component*

that is, what the learner should be able to do with that content. ,
. 'd * r ‘.l
However, the structure of content as reflected by networks or

related analytic concepts has definite implications for operations

Y
.

cappropriate to the content.

For example, the variable-value analytic network includes the

"~ following components: ) < i .
elements - . The phenomena. to be described, compared
- related or otherwise studied (e.g.,
objects, events, systems, and sets).
variable name - The name of an aspect or dimension on
- ' which elements may differ (e.g., color,
: weight, and cost).

values - " The terms, numerals or other symbols
available for assignment to elements
forra variable (e.g., red, four pounds,.
fifty cents). -

. ' -

N observation/measurement - The standard procedures of algorithms
' procedure used to assign values of a variable to
) ) particular’ elements (e.éﬁ, use of a
v, ) . centigrade thermometer .for determining

‘temperatures).

.
.

Conceptual systems exsmplifying the structure represented by the

variable—ﬁglué network are amenable to operational requirements which

“reflect that structure. The kinds of infdrPation which serve as input

r »




y, L ' ~ ‘ Y
and output for a given operatibnal requirement can be classified in

terms” of analytic concepts. A description pf an operatfonal requirer-

,ment with the input/output relations defined in tefms of analytic ‘

concepts 4s called a task scription. For example, one task-can ’

be described as follows: carry out an observation/measurement ,

3

- procedure io determine which value of a nafed variable accurately

describes a given elénent. The input for the task is an element and
. s s !
a varteble name. The output is ranobservation/measurement procedure .

[ ~

3 ) PR » C
'and a value. ° ff S —

A -

- ,Byrselecting systemic and panficular'content, and by specifying

the instructions, an item exemplifying a given task may be constructed.

’

For example, one item ‘can be ﬁérmed by selecting weight as the variable

-

and a particular sea shell/és the‘element, and by specifying the instruc-

tion as, "Determine the wéight of this object." Although access to ;ny
tneeded\equipment would have to be made available, no direction to that
equipment would be giyen since the task does not specify the observation/
measurement.procedufe as inpyt. It must be p:§;ided by the individual

performing ﬁhe tasé. Clearly thke task represé¢nts a large number of
items differing 5£.to the variable -name, the object, and the instruc-

. .

tion as well as the details of the general context. At the analytic

»

level however, these items share a common structure.

o

; Beyond their uSe ip\deScribing existing items, the components of
\\\ N
“an analytic network define ﬁhe kinds of information or actions which
. S r
can{potentially serve as input and output in items. Thus, any two

subsets of components of a netwotk arq\suggestive of a potentially

23

>

v
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“impertant task. The definitions of the,components can be used to ' “
v . ’ v - ¥
-',interpret;input-output combinations aJ tasks which are meaningful for
that network. For examplé the input-output combination f
) . inPut: .variable name -
output: ,value o PO
. . . ~ . {{'.
is meaningfully’ interpreted ‘as supplying values conventionally assocliated ,
. 4 : . g

with the - -given variableVname. Once a task has been defined for an

)

analytic network, it-identifies an operational requirement appropriate .

“

to any' conceptiial system exemplifying that analytic network. The task

» N . . v
then provides tne basis for generating items. > . ’

The specification of a task does not ipdicate the information

processing strategies, perceptual-motor performances, or other skill
components by -which items exemplifying that task might be carried out.

However, the probability of payo?f from detailed behavioral analyses

is greatly ,increased by prior selection'of_important-tasks constructed

from analytic networks dnich'span large domains of systemic and’

A

particular content. If a large number of systemic examples of the’
g . . . .
analytic concgptg exist, then tasks described in terms of those concepts

fnecessarily have an equally large number of potential applications. If-

f .

behavioral analysis of possible modes of performance in several applica-

tions of a task reveals similarsskill components, the generality

K
~

and 'relevance of the skills selected for training will be assured,
) - -
From the point-of-view described above, the Jinitial specification

of ;he structural and operational aspects of the outcomes for’ an . AR

instruCtional component should be in terms of apalytic networks and

-
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asqdeééégd task domaims, }espectively. These initial specifications

‘may’bé revised in light of the results f subsequeﬁt behavioral analysis

¢
and e’?ﬁrical étﬁq}es of learning and performance on itéms for specific
A o -

Ay

tasks. : However, such specifications define a restricted domain within
. ” . 4

1

which further detailed analyses may be carried out.

. .
ANALYTIC NETWORKS FOR USE IN INSTRUCTIONAL DESIGN FOR SCIENCE
. INQUIRY OUTCOMES IN'A PRIMARY GRADE CURRICULUM

Several analytic networks have been identified which characterizé

the structure of mush~sciencg;content in existing primary science

»

programs (Smith, 1972). Tﬁ}ée‘épalytic networks were selected as a
Y
L]

basdis fpr instructional desién work: the variable-value network, the

clags-member network, and the intra-element relagion network.

. As‘défined above, the variable-value network is built on the

idea of primitive entities or elements. When these entities are

AN

described, compared or otherwise studied, only certain aspects of

s

¢ -

.them- are considered. These aspects are characterized in terms of

-

, .
values for dimensions or variableg. Each variable is associited

’

with ore or more observation/measurement procedures.

QThe'élass member network is built upon the variable-value network.

This felationshipais reflected in the following definitions for the

<

. .

\

analytic concepts comprising the class-member nifwork.

class -

L~

cléag'member_-

' A designatéd set of élements (e.g., the
get of zebras).

' )
An element which is in a“class (e.g.,
a particular zebra).

-

.
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-’ . -

' A.decision rule by which it may be
determined whether or not an element
i a member of a class, consisting of

+ ues and logical connectives (e.g.,
. \
’ an anima our legs, black

and white stripes, ete.)

o N \

class name - - . Name applied to an élement as a con-
. sequence of its membership in a specific
. class (e.g., "zebra").

7

nava

defining value - . A value employed in a class rule (e.g.,

(for a class) < four legged). .
' : e
relevant variable - A variable whose values are employed §ﬁ '
(for a class'or ° the rule\ for a class or in the rules for
set of classes) a set of tlasses (e.g., number of legs).
partition - ~ "A set of mutually exclusive (pairwise .
disjoint) clagdses constituting a super-
. ordinate class (e.g., the set of animal
a < species).- >
partition name - =~ A term or phrase refefring to a specific ‘
. partition, that is, to.,a specific set of
mutually exclusive subclasses of a specific g
" superordinate class (e.g., "speciéf of
. - animal"). .

- - i . |
Although some classes may be adequately dealt with in isolafion,jéost
seem to require the Wontext of a system of related classes. For this

reason, the last two analytic concepts wereé included from the outget.

) ®
The third analyti¢ network selected was the intra-element relations \

e

network.. ‘Intra-element relational rules specify a relation between an
element's membership in one class and its membership in andther class

defined in terms of different relevant\variables.1 Thus, these rules .

= .
" ]

P b}
1Simple taxonomic hierarchies which simply add further defining’
values to the glass rules are not included here. Such relations can be
derived directly from the class rules.® This 'is not the case for intra-
element relations. ‘ . ‘ .

" , o

’
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. ’ r
relate one get of characteristics of an element (those specified by the

rule for one class) to another set of characteristics for the same
element (those specified by the rule for the second class).? For

example, the relational rule "clay solls have a large water Hq}ding

L )
'

capacity," relates the defining values of clay soils (i.e., their

particle size and chemical composition) to a value (large) for a
different variable (water holding capacity). Typically, many

intra-element relations are expressed in terms of the classes of

r . . . .
important partitions of the element studied in a given discipline.

Agronorists use many relations, such as.the above example, involving

the eomposition partition and the water holding capacity partition
) ' Ve

of soils.

In addition to the components of the class-member network, the

~

following are components of the intra—eiemen¢ relations network:

intra-element .relation - A relation between membership in one
-~ class apd membership in another class,
‘ i.e., between the corresponding sets of
defining values (e.g., class inclusion).

.- intra-element . ) A rule specifying)an intra=-element"
relational rule - relaticn between two classes (e.g.,
. "clay soils have a large water holding
capacity").
related tlasses.- An ordered pair of classes defined by

different relevant variables, and between
which an intra-element relation holds
(e.g., clay soils and soils with high
water holding capacity). ‘

I
21n the limiting case,,tﬁe rule mérel& relates a value of a single
variable to a value of another variable for a set of elements. When a

value of a single variable occurs in an intra-element relational rule,
it will be treated as a class rule with a single defining value.

}..'I
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related partitions - " Two partitions of a superordinate class
o which are defined on-different relevant
2 variables, such that at least one class
’ of one partition is related to at least
B | one class of the other (e.g., the soil
i ’ composition partition and tlie soil water
—— ~  capacity partition).

-

Th7ke were several reasons for selecting these networks. The first

was the/scope of their applications. ‘Each was found to reflect the

structure of a codéiderable portion of the systemic and particular

content of extantjirimary ce programs (Smith & McClain; 1972;

-

McClain, 1972),° Further support for their generality is provided by

the attention given to analytic concepts from these networks by o

~.

philosophers-of $cience. K ' : . ‘
Second, these three networks are interrelated@in a~f: damental

way, The variable-value network provides a foundation for the class- Coe

member network while both of these underlie'the relational network y

(see Figure 1) Although 1t might not be necessary to carry the

analyses throughito the relational 1eve1 for the primary curriculum,

v’

it is that level at which the power and utility of the variable-value
and class-member networks*are revealed. An analysis of the variab1e~va1ne
or class-member networks in isolation might fai&\to provide an adequate

basis for the relational network. Further, it is quite likely that

-
”~

instruction which reaches the relational 1eve1 rather quickly will

H 1 <

prove more highly motivating than~that which deals extemsively with

-

the lower level networks in isolation. The interdependence also means

that considerable practice with the lower level networks will be ebtained

w Iy

’ . -~

L. '
w0 * »
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- .

in the context of use 6f the higher level ones.. fhis-should.promote-

N N

AN .

.
A third reason for these selections 1s the foundatlon they provide "

consofidﬁ;ion and retention of earlier learnfng.

for other networks. Some of the networkskzpich might be built upon

[y

this foundation are dlso indicated in Figure 1. Tbe,class-memher
network 1is a basis for inter-element relations, ‘those in which a

member of one clasa is related in abépecified way to a differedt. fo,.

element in another class (e.g.., hydra prey upon daphnea). A specialized

intra-élement relation, the wﬁole-part relation, is broadly applied in

the biological sMences and forms the babis of a hetwork‘involving the

4 I
function of the part in relation to the activity of the whole. This

netkork wouid‘pfobably provide a point of departd?e for a gystems \w\\'

network. - The variable-value, class-member and part-whole networks

-

N
M ’

N lead into the process-stage network. ' “
The variable-value network, based on empirical zariables, and the

R .
intra-element relations network provides a foundation for a theoretical

variable network to cover variablez/defined'only in tetms of other

\T\\\\\ variables (e.g., energy). With th

.addition of the theoretical variable

N
netwo the power of the systems network would be considerably increasged. ‘
N ‘ ) o '
. SCIENCE TASK\DOMAINS - g

. . L 4
. The analytic netwoxks described above represent criteria for the

comes for the primary curriculum. That

is, they prescribe the kinds of concepts and conceptual systems with

*

which children will learn to function. As cussed above, the

%l'f‘; \\\\ ’

ne
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Figure 1. Interrelations among analytic networks.
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selection of analytic networks puts constraints on and is suggestive

v \

of the operational aspect of the outcomes. Specifications of the

14 2 .
» operational aspect take the form of tasks defined;for each analytic ,

Ietwork.' ’ i . ‘ )

'Several methods were employed in obtaining tasks for the selected *

analytic networks. One method was the review and analysis of relevant

- )

literature and materials. One source was extant instructional-programs

which involve systemic content exemplifying the analytic networks
\ .
(McClain & Smith, 1970). Another Source was psychological and

. a
-

educational literature related to the kinds of concepts ifcluded in

the network (Bruner eg al., 1956; inhelder & Piaget, 1964). The

’ -
‘performance requirements from these sdurces were described.in terms
L3 .

~

«of the analytic networks to produce potentially useful tasks. .
A segond method made systematic use of the componeﬁts sf the
network in generating new tasks. Since the components represent
;Kr .information or action which can serve as input or outpu&, any two

subséts of components represent the basis oﬁ a potentially useful

* A

taskl‘ Not all such combinations result in meaningful tasks, howdwer. '

»

/
. r
Judgement is required in applying the defined relgtiong among ;Qe

components of the network in the inte:i)pretation of combinatf-\s as .
. . ‘ -, . . 3 ‘

tasks. ’ "

" By taking ali possible combinations of components, marly tasks

-

can be generated and a degree of completeness can be assured. Such

a cdmprehensive analysis establishes a’ oma%n of alternatives for the ¢

A 'S ¢

operational aspect of inStrucFibnal outjcomes and thus defines the

-
:
‘ \

. ~l
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decisions that must be made. A domain of alternatives also allows:

a determination of the representativeness of any given subset of
tasks. Selection of a representative sample of tasks increases the

probability of identifying generalizable strategies and other skills.

-

In addition to the judgement involved 1in interpreting the

'

combinations of components as tasks, decisions are required in

‘,

selecting fsom among the large number of ‘tasks generated. Skill

analysis will provide, the basis for many such decisions. However,

' some initial selection of tasks which will deffhe terminal outcomes

¢

’ ¥

for an instructional component is required. 1Ideally, these selections

would be made on the basis of analyses of the requirements likely to *

L)

be made -0of the child in later instruction, and in his everyday 1life

@ °

in both the immediate and distant future. Such analyses are not
currently available, however, and may not even be possible at the
present time. Thus, the selections represented by the tasks specified

below represent professional judgement. It should be recalled that

“

these selections were not made in isolation, however. They were made

. . -~

. . N 1
after the careful selection of analytic networks which appear to haye

4 . .

broad generality, and against the background of relatively comprehensive

domains of “tasks for each network.

‘\
The exercisé of professional judgement in the selectdion of tasks

S

involved the app]ication of the following criteria

~

1) Does it" represent acceptable scientific inquiry?
Does it have informative val%g for the performer?
(2}, Is it relevant to higher level\nbmworks?

|‘ i
‘o

:.'

2

o

I
.
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4) Is it amenable to strategies. useful to primary sthool ,
children? - - . ' .

5) Is it amenable to strategies applicable to the tasks , . .
selected from the other networks? '
First priority was given to tasks which appeared to ‘meetgboth the
. ‘ *
relevance and the hierarchical criteria.. Second pridrity was given

to tasks which met only the hierdrchical criteria. Tasks which met

only the relevance criteria were selected only when a network was not *

L]

; adequatelf represented otherwise.. J )
J — .
TASK DOMAIN FOR THE VARIABLE-VALUE NETWORK ‘
B The task domain for the Variable-value network is divided into
. four subc{§sses: simple descriptioﬁ, qualitative comparison, sefiation,

and sorting tasks. Only the components of the variable-value network
may serve as input and output. Although items for these tasks may’
involve more than one variable (e.g., a description on several variables),

, . .
no class rules are involved. : 3

Simple Description Tasks’ X : ’///,,‘\\\\\\

Simple description tasks involve elements, values and observation/

_ * , measurement procedures. They may involve variable names. These tasks

—— e ! (\
deal with element-value relations, but not with element~element or \

* value~value relations. _

v

Three simple description tasks were selected for spécifying science

—Ehtcbmes for the primary curriculum (see ‘Table 1).' The nondirected
. *

task represents a relatively high level of indépendent inquiry. It élso

reqﬁireé the recall and selection of variables, an important }kill

‘ I * o
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component in many higher level tasks. The directed description task

requires a response to a variable name as do®many higher level tasks.

The element identification task frequently occurs in a varjety of

classroom situations, and involves skill components common to many

higher level tasks, namely value decoding and some type of search

strategy.

Comparison Tasks . 1

Comparison tasks invo%Ve relations between two or more elements
l\ N
with respect to a specific variable., The values assigned to elements

as a result of comparisons refer to the relation betweert that element
. . 1

and a specific set of other eléments. These relations,K may be qualitative
(specifying only same—diffefenfijudgements), or quantitative (specifying
. \

an amount). Quantitative relations can be further subdivided into ordinal,

interval and ratio relations. Onl qualitative and ordinal quantitative
relations will be considered further at this time. For simplicity,
v - . . .
values referring to qualitative relations will be called comparative
r

values (e.g., some, differept). Those referring to ordinal relations

will be called ordinal values (e.g., hotter, more dense, first,-third).

[ 4

It should be noted-that the applicability of comparative or ordinal

vdlues to an element is aependent,.by definition, on the set of elements
* ~N

) M ‘

with which that element is compared. Comparison‘tagks therefore involve

‘ the specification of a set of elements as'a given input or required

output.’

. Jo -
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Two classes of comparison tasks have been defined, corresponding

,
1

to the two types of values: .camparative tasks and seriation tasks.

The comparative tasks selected for the primary currlculum are listed

in Table 2. The non-directed comparison task represents a relatively

high level of independent inquiry. It also appears to be a_satis%actory

vehicle for buildihg skills required for soiting tasks. The subset

fermatidn task was‘selected, somewhat arbitrarily, for its eontfibution

of skills While the non—d1rected comparison task involves recognition
q

and desc‘ript1on otf relations between a given set of ‘elements, the subset

selection task requires the formation of a subset of elements meeting

specified comparative criteria. The directed comparison task is included )

here because it provides‘a vehicle for skills reqnired for response to
variable names. These skills are required in many higher level tasks

where? variable names serve as input dr'nediating responses.

The selected seriation tasks are listed in Table 3. The non—
directed,seriation task was selectedabecause éf.the relatively high
level of independent inquiry it represents and because it appears to

incotporate skills important in the discovery of relations between

variables. Another seriation task also appears to'incorporate skills

L

important to such discovegies, namely, the'seriation variable identifica--

tion task. The directed seriation task was included as a vehicle for

‘the skills required in responding to variable names.

Sorting Tasks

Sorting.tasks involve subsets of elements formed on the bases of

similarity on a specific variable. The sorting tasks gelected are

- ) ’

-
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_ THE TASK DOMAIN

1isted in Table 4. These selections-parallel those for the seriation

~

tasks. The non-directed sorting task stands on its own as an inquiry
task while both the non—directed sorting and the sorting variable ,

idengification tasks provide vehicles for skills useful in discovering ‘

B 4

relatiohs, among vgriables~. The directed sorting task is included to
. . , ] : )
assure that eorting on a specific variable can be brought about through

\

the use of the varfable name. ,

. y . ] )
R THE CLASS-MEMBER NETWORK
| , .
Tasks for the class—mehher network involve class rules by which
. .

\

the applicability of a class name to an element may be determined.
«Several elasses of tasks have been ditstinguished.

requires some identification of class membership'for a given element or -

-

Element clési.ficat:‘[on

.

elements. Member specificatibn tasks provide information identifying
S

‘a class, but require specification of elements which are members. Both .
+ ‘ .

‘of these task classeg presuppose that a class rule is known by or

-

presented.;o the ipﬁividpal,perfor@ing'the task. The third.task class

involves inferring a _class. rule. Elements, or description of them, and
§n£ormation as to whether or not they are members are prd%ided as
*

input, while a class rule accounting fore the membership information is

required as output. B _

"
by

.Tasks from each of the above classes were selected

P

eléssification task stands by itself as relative

s

¢

b

—

°.-Three element claséification'tasks were selected.

The pon-directed

dependent inquiry

w

while directed classification and partition identification provide

-

3
:',%

Al

.
A

3
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‘.
4

vehicles for additional skills, Two member specificatioﬁ tasks were
. s

selected. Member selection requires the individual to sﬁpply the
class rule and represents a frequently occurring classroom task. The

rule application tagk provides,a rule. The skills involv8d in this . .

task relate to comprehension of new verbal information. The rule.
inference task is a version of thekconcept acquisition task wideiy “
1}

thought to typify informal or contextual learning.

~

o ' . v
THE TASK DQMA;N FOR THE'IN?RA‘ELEMENT.RELéTIQN NETWORK . s -

-
- ——
N v,

.~

Tasks selected for the intra-element relations domain represent - .

somewhat arbitrary selection from each of four task classes. Rule

’

applichtion‘taskq provide a relational rule as input. The selected
rule application task (see Table 6) also provides the name of one of

the related classes and a set of elements including members and non-

.

. - '
members of the named class. The elements must be presented such that

[y

(BRI )
membership in the named class cannot be detgrmined by use of the class

rule for that class. The reqqiged,oﬁtput includes specification of

LI . “
members and non-members of thé named class. <.

Prediction and explanation tasks require a famiiiav“rela&ional

-

rule and class name as output. The .selected predictidn task provides

L

« .o . e
a partition name as input while the explanation task provides the, name

A
.

of one of the related classes. Theg fourth class of tasks, rule discovery, «
requires a novel relational rule as output. The selected rule discovery
task provides a set of elements for which- a relation holds between

-t .
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me€mbership in two familiar classes,.and the names of the partitions of

A

which the related classes are constituents.

-

?he relational rule application task provides a veh{cle for skills '
f \

involved %n comprehending and utilizing rules from secondary sources as

in problem 551Ving. The other three tasks rapresent relatively /

independent inquiry for primary children while providing a context for

development of ‘skills required for higher level inquiry tasks. ¢
R ' DISCUSSION .
o >
The relation between task analysis and Behavioral analysis of d
performénce requirements for given tasks was mentioned above. As
- . .
stated by Klahr and’Wallace (1970, p. 360), "The objective task “

structure alone does not yleld a valid description of the solution

performance, and it is mecessary to diagnose the actual psychological
- . ]

v

processes “in great detail to obtain minute descriptions or well

supported inferences about the actual sequence and content of the

’ .

thinking process." However, the resource requirements for such

analysis are so great that considerable care must be taken to

-

LJ

maximize the probability that generalizable strategies and skills
Qill be identified. Procedures have been describea above For
structural analyses.of content in terms of analytic network; and »

. !
operational analysis in terms of qaéks. These prgcedures provide a

means of defining a greatly restricted domain for behavioral analysis,

a domain with considerable potential for the identification of.broadly

- *
generalizable strategies and skills. Where the time line for program
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» development preclud£:‘:xtensive skills analysis, the procedures provide

o

a means of generating and describing potential outcomes which-reflect

‘the logical structuré of ‘relevant conceptual systems.,
!
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Worki{ng Paper 5

A SKILLS ANALYSIS OF SELECTED PRIMARY LEVEL%?CIENCE TASKS (TN 2-72-60)
Edward L. Smitﬁ, danis J. McClain, and ShariA%uchenbecker '

An analysis of scientific inquiry behavio;kfor constructing a

primary level science progarm could be carried out in many wéys and

v

‘at many levels. One could ‘examine the behavior of mature scientists,

. * L
teach gamés which mimic experimental procedures, analyze traditional

L]

topics sugEFas deduction and induction, examine the Strategies of
chiidfen, or conduct studies to optimize commonly used science
instr;ctional techniques. Rather than preposing extensive’
behavioral amalyses or reworking old instructional solutions, we
havé concentrated oﬁ.identifying frequently occurring classes of
concepts (content analysis), 'specifying tasks relgvant to those
clagses of cthepts (task analysis), and describing solution alter- ‘
natives ior those tasks in the form of flowcharts. |

If these solution altethagives are adequate, then Eﬁe flowcharts
specify what must be learned in order to carry out certéin kinds of
scientific inquiry. The flowcharts are not general models oi children's
thinking or descriptions of how children typically perform the tasks.
Rather, they are descriptions of gupposed minimal cognitigg events
by which the tasks might be guccessfully executed. The capability |
of carrying out these events represents posséssion of "inquiry skills."
The devélopment of such capabilities or skills is the goal of instruc-
tion in scientific inquiry. The preparation of descriptions qf them

is the main'function of skills analysis. Appropriate sequencing and

instructional procedures remain to be specifiga. .

/

/ i ,;~‘l !
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The distinctions between the different levels of analysis of

performance that we distinguish are illustrated with the following

example (see Fifure 1). A child is presented with a set of six

corn seedlings (A-F) growing in similar contaigers, and is instructed

« [
a quick visual scanning of -all the/plants, the child selects

to "order them according to their Seight" (see Figure la). After
two (C and E), places them next to one another, and looks at them.

He. then selects a third 61) and places it, in turn, in front of each
of the first two.. He then adjusts the first two making room to place ,
the third between them. The three are properly ordered in height,

..

(se€ Figure 1lc). Thé next plant selected.(D? is somewhat shorter
than the others. The thild places it in.line next to the shortest *

of the ordered plants and, after looking at Both, selects another

new plant' (F). The child first places this plant in front of the

next- to-the-tal&est plant (A). The new plant is—shorter. He then /

places it in fxont of the hext shorter plant (E), \After looking at v

those two plants, he places the new one between the two with which

he had compared it (see Figure le). He then takes the sixth plant

(B) and places it in front of the next-to-the-smallest plant in the .
‘row (E) and looks at them. The new plant is taller. He moves’the

plant to the next taller plant in the réw. This plant is very nearl;

the same height as the new one. After libking back and forth for

qome timfh the child adjusts the new plant so it’is directly in -

front of the plant in similar height. After looking around the

table, the child turns and, with a shrug and a siéht says ''There!" .




Figure 1, Stages in the performance of an drdering task in which corn
plants are ordered on height, .




. , The performance described above .can be analyzed at three levels.

The task described apart frbm the content, was to. produce a set of

-
. B

elements ordered on a variable given the unordered .elements and the

.

name of the variable. The content involved included the "height"

oy . “

(conceptual system and the corn plants with their respecbive heights. te-

Important skillg involved 1n the performanee of the task are
|

identified in thﬁ diagram in Figure 2. The boxes represent hypothesized

individUal processing steps required for performande:' These  include ~

Al \ t

decoiing of verbal input, visual scanning and search, retrieving of

_ info ‘ation from long—term memory, utilizing Spatial positlon to \

répresént order, and others. 'These pxocesses are described in more
I

a 1ater section of this paper. The sequence of processing

. 14
.

steps, onfthe‘other hand, represents an inferred'strategy for carry-

ing out the performance utilizing the component prqcesses. The*
\ _ ‘ .
sfrategy is analogous to a computer program which the individual f . '

consfructs’, largely from stored information, in order to perform.

‘Execution of the illustrated strategy represents one relatively

efficient and effective means for carrying out the task on any

appropriate content. The strategy results in constructing a spatially

ordered subset which, no matter how many elements'remain to be ordered,

is properly ordered on the ordering variable. Further, only one new

element is introduced at a time. These features result in a minimum

memory load. The strategy allows educated guesses as to where in the . .

sequence a new element will fall without resulting in erroneous ‘
ordering if the guess is inacturate. This allows reasonably effigient ¢
r . N . N .

performance without high risk of error.
: .
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The processing routine illustrated above, and the others reported
in the p¥esent paper, were devised as reasonably simple, eff;cient, and

©

reliable approaches for carrying out th{ respectjive tasks. They do "

. not represent inferences as to how children (or adults) typica11y°
* o '
do perform the task. Rather, they represent a.preliminary specifica-

" “tion of how children~might perform the tasks following appropriate

f

instruction. ‘'As such,\they are subJect tq modification on the bas1s

N

of empirical studies.

. -~
N\ . v ;
FUNDAMENTAL PROCESSES INVOLVED IN THE ROUTINES: ’
‘. Analysis of the séills with which a specific task may be performed

involves the specification of a sequence “of.processing’ steps A par-
fraicular processing step is described as acting upon certain input *
information by ‘transforming It or using it to obtain other information.

The output of the step is the 'new or trangkormed information. In

specifying a processing step for a given task, the kind of process - . s
involved is identified o\\ﬁaming a fund;mental process whose general

nature has been previously described elsewhere. The descriptions of
B L : _“3'—_‘
‘\V/ - these fundamental processes represent hypotheses based on current '

K psychologicaL knowledge. Fundamental processes are further divided
v / . .
into primary, secondary and tertiary processes.\ A processing step
' »
*involving a primary process represents what, for purposes of the )

| \

. R analysis at leést, is considered to be a unitary skill, e.g., decoding
a variggie name“e.g., "height"), in Figure 2. Secondary prdcesses are

frequently recurring sequences of primary processing steps, e.g., the

SERIATION-process in Figure 2. Tertiary processes may be defined in

[N 3

“terms of both.primary and secondary processes.

. : SN SIS o
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The coordination of a set of processing.steps into a fugcﬁioning

.system represents a skill of a different type. Such coordinating or
directing skills will be referred -to ds strategiesl Tﬁey tan be thought
of as confrol programs which call upon the fdndament;l processes as
needed. -An.indiv id al who had acquired the strategy described in the
fldwghart in Figure 2 would perform the seriation task in a.manner such
as presented in the above example. In the following sections, fun- ¢

' damental ‘processes are‘defined and briefly discussed in terms of tﬁe
theoretical points-of-view they reflect.

‘ )

PRIMARY PROCESSES RELATED TO LONG TERM MEMORY

. . . v
Several processes involve gaining access to infermation available

e

,

in the individudl's long-term memory. The demands made on a model of
' - 4

long term memory in defininé the primary processes include specification

of the nature\Qiathe information stored, the kinds of information which

I

cdn be used to gain access to stored information, and the majorjprocess-

ing steps distinguished ) ) })

.
’

Frijda (1972) describes a model of long~term memory, some version
of which is utilized i nearly all information processing theories

and simulations. According to-this view, information stored is an

aSSOEiative'network of items or\pddes, each leading to any number of

r

other nodes—the assoqiations‘of the first node. The stored items or '

.

nodes are generally considered to be -concepts or ideas themselves .
L

rather than names  used to refer to them or images exemplifying them.
‘ < o

Although this is,a somewhat vague position, the important point\seems
to be tha*jyhat is stored is not words or images but rather information

_from which words, images and fctions are recomstructed, as proposed by

Neisser (1967). Thus, once &activated or accessed, a node makes

. . . l:!j:. ’ . !
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immediately available a number of operational options.,‘Nodes are
‘acqgssible‘by way of other hodes to which they are linked, by way of ,
items or stimuli that in some sense resemble them (i.e., that resemble

: 4 - ‘
some level of recomstruction), or through the decoding of labels that

. o .
refer to them. ' , . -

3

.y

DECODE - \

This is the primary process by whicizan associative netiwork

is.entered by way of a verbal lgbel for onhe of the constituyent concepts.

\

-

The input for the process is the vérpal label. .Decoding of the label

results in the activation of a concept or node in the network. This .

. -does. not ;ecessﬁiily r;sulc in the reconstruction‘of images, actions,
or ve;ballentitjes. ‘In effect, the bECbDE process opens the way to
:many possibi}itf&s, but it remains for t?e next step(s) to take
advantage of ong or more of them.  The possibility thal the éndi-
. vidual is set to.penfo;m énpther step whic;;then follows aut952215a11§ &
. ‘ from the decoding nZSH not coﬁcérn us here. The poing is th;t~acéess )
to éhe storage n;twork\must be gained as a result Sf processing the

verbal label. This is the function of the DECODE process.

RETRIEVE .
Once a node in an associative network has been activated, e.g., .

3
-

by DECODE, access is gained to other nodes in that network. However,

some directing process insures that the appropriate node(s) is "

! [y

activated next. ' This involves the RETRIEVE primary process. The

+

nature of this directing mechanism is not further elaborated hére.

. -
] . (4
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v At present it seems sufficient to say that it is capable of directing
' : T.

-

the kETRIEVE process to a connected nodedwhich is relateq.fo the,

.original node in a specific way. Thus, the input of RETRIEVE can be’

'3
¢

characterized as$ oné concept. and its output as another. Just as was
¥ ' o v
the case with DECODE, RETRIEVE does not output any images, words or

, . . '
actions although it does make such further steps an immediately

available option. RETRIEVE can usually avoid retrieving a recehtly

retrieved node through short term recall of associated information..
. ¢ ¥

This allows the process to recycle efficiently until appropriate

information is obtained. \

INPUT STIMULUS ANALYZING PRIMARY PROCESSES
Several primary pxbcesses are defined which seek and analyze

-~

input. Input is viewed as contaiq&pg an eg?rmous.amount of ‘informa-

'tio’nﬁonly a portion of which is attended

'

individual om a given gccasion. Analysis of the iaput ig viewed as

o or detected by the

a

taking place ,at different levels, each level involving its own unique |

~

kind of processing. Preattentive'hrgcesses have a large capécity for

parallel’activity. They construct perceptual "objects;' in a fiéure-

L} + !

ground differentiation sefise. These processes are limited, howéver,

.in the level of &!tail and preciskori they represent. Basically, they

signal when more ‘detailed analysis of particular input by other
progcesses is warranted. The higher level processes which require'

attention are ligear. They construct detailed images énd.are more

. .
° [y
L]

selective. ) a .

‘.

~e

3
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scan ) ' ‘
+ This is a'primaryﬁprocess which represengs a rather dursory,

largely visual, exploration of the stimulus field. It establishes

.~

-~ < - / oo
a figure-~ground differentiation of objects and detects a few salient

features which may enter short-term store. However, only.partial

[}

information-is obta1ned even iy the visual modality Detection of
certain salient and/or relevant feature$ usually ‘terminates the SCAN
process, or at least relegates it to a background role, and triggers

some attentive procéssing. Thus, the input to SCAN is undifferentiated

. R T
stimulus information while the output is one or more differentiated

perceptual objects. In most cases, many features which are relevant °
1 .

from a fofmai—ooint-of-view are'noft detected by SCAN.

CHOOSE

14

"This is a primary process which operdtes on a set of stimulus

«
-

-7
objects previously differentiated, e.g., by SCAN. The output is one
object which then becomes the focus of attention. The criteria for

Jony

this selection are not fo%nal. Rather, such factors as visual accessi-
bility, proximity to the observer, and.the relative saliency of detected
features are employed. From a formal point-of-view, the process is
essentially‘a random selection. One exception is-that CHOOSE can
usually avoid selecting previously chosen objects by utilizing feature

information stored in short term memory. This information may well

be otherwise irrelevant to the task af hand.
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" ACT N

.

This is the process of acting on an object in such a manner as
to obtain a particular kind of input (e.g.,  color or temperature

information). This might involve orientation of the required organs,
]

exploratory movements such as visual scanning or tactile exploration,,

"and/or manipulatiod of objects such as hefting or squeezing. Per-

formance of ACT requires a prior retrieval of the appropriate action

from long-term memory, i. e,, activation of the obsefvation action

~ ¢

’ node in an associative network. This activation makes awailable the

-

information from which a control program can be reconstructed Fbr

.present purposes, no distinction will be made between the construction

«* . ~

and execution of the program and ACT will be treated as a primary

procéss. It may eventually prove necessary or useful to break it

)
‘down further. The input for ACT includes the observation action

concept and the differentiated object on which the action is to be

' performed. The output is the-resulting input to the individu&k.

L Sl

Analysis of the input .is carried out by other processes.

, [

SELECT

This is a primary Erocess which sorts relevant information from
irrelevant. In particular, it filters out almost all information
except for that for the variable £dr variables) judged relevant to
the task at hand. , Thus, the input is undifferentiated rnput and the
variable concept. The output 1is information on the releVant variable
gbout the perceived object. Actua%ly, the prBEess is not simply a

" next step following complete execution. of ACT. Rather, along with

.

1
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- 4

ACT it forms an active system with a feedback capability which

allows modification of the detailed functioning of ACT until the .

. ¥

appropriate input has been made available. ‘Fhis represents a : ‘; \
. . . ) .

. ) 14 .
monitoring function of SELECT. Such feedback- mechanisms'are *

probably involved in many primary processes. The large number

makes it cumbersome to make them all explicit in the task routine.
This aspect of the primary proéess is probably important to keep

in mind, however.

JENCODE

This primary process analyzes in detail information which has
) ]
been attended to, e.g., as a result of SELECT. The general nature

of the information has alréady been determined (note the nature of

ACT and SELECT) and it remains for ENCODE to make a ‘determination

]
about this specific case. For example, ENCODE might be preset to

analyze texture information. ‘ACT and SELECT have made such informa-
tion availablel ENCODE determines Qhether{or not thg texture
information is novel and, if not, categorizes it in some manner

based on previously experienced textgre information. If the informa-

tion is novel, a new category is created. Thus, ENCODE igﬁolves'

long-term memory. In terms of an associative nefwork, the‘analysis
N : 1

of texture information activates a node fepreéﬁnting a texture value

b}

concept or else forms a new node paralleling other texture vé}te nodes.
The input.for ENCODE is selected non-verbal sensory information. The .
output is a value concept (the activation of a node). Undoubtedly,

some adgitional contextual information about the experience will entsT

short-term memory. Some may also enter.long-term memory.
N f

o
t 4

1()(1




. OTHER PRIMARY PROCESSES

<

COMPARE

This primary process determines the'comparability of two eﬂcoded

units of information, e.g., encodin®s of texture information for twd,
objects. éOMPARE essentially monitors the node or nodes.activated as .

a result of the egcodingg. If the same node is activated on both

‘occasions, a judgment of comparability is made. If different nodes . .

i
are activated, a judgment of non—combarability is made. The outppt‘of
COMPARE can itself be viewed as the activation of a node in a network.
This network includes nodes corresponding to'the concepts "same" and
e . ) _—

"different" (and perhaps others). The activation of die of these

nodes makes immediately available certain operational alternatives

including verbal output. The particular alternative to be executed,
if any, is determined by some controlling mechanism whfch represents

{

the strategy being'employed by the  individual.

PLACE
- This primary -process involves a Spatiél placement of an element
to indic;te its-@éﬁbership in a set. The criterisn gor placement is
unspecified "in the process itself although it will usually be retéined
in shoftLterm_memofyifrom eaxlisf steps. Tpe input to the set is an .

~

element currently attended to and an affirmative régilt from'the
appliEéfion of the criterion for set membership. The outpué“is the
element in its new spatial location. A variety of contextual informa-

.
tion placed in short-term me;;;;\EBually enablds the individual to

recognize the subset previpusly set aside by PLACE.

[N » 1
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— g, DISCARD o :
coe ! ‘ This primary process is closely related to PLACE since it involves .

spatial placement of an element to indicate nonmembership in a set
’

defined by a criterion from a previous step. However, DISCARD is not

simply PLACE using the inverse criterion since DISCARD implies that \

the elément is of no furtfler interest, at least temporarily. Prebiously . ’
discarded elements’ can subsequently be reconsidered for further process-
. ing, howevef: DISCARD can be used to form more than one discard set .
during the performance of a single task. Furthermore, the permanency
% '

of the discard may differ between sets, e.g., one set may be discarded .

for the tfme béing while another is permanently distarded. =
) : ‘ _ .

ORDER .

This is a primary process whicg attends to and assesses the
magnitudes of two differing eﬁcoded uqits of informa;ion. ORDER
gequentiélly evaluates the twomagtiybdgs and then hierarchically ;
orders them from lesser to greatir. This primary process then‘
basically monitors the nodes activated ag a result of the encodings. ol
The COMPARE secondary process usually precedes and determines whether
or not different nodes were activated during encoding. If this results
in a judgment of non-comparability, it is the function of ORDER
to evaluate the two nodes successively and to seriate them appropriatelyn
The output of ORDER can itself be viewed as an ordinal concept,.i.e.,
the activation of a node in a network. This network includes nedes

corresponding to the concepts of "more! and "less" (and perhaps qthers).

The activation of one of these nodes makes immediately available certain

.
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operational alternatives including verbal output and appropriate
serial positioning of the elements. The particular alternative to
be executed, if any, is determined by some controlling mechanism

which represents the strategylheing employed by the individual. .

" POSITION ~

This is a primary process which fungpidﬁs much like PLACE. It
allows representation of information about'reiag)ons be}ween elements
to be:coded temporarily by Spatiai.position. Whereas PLACE utilizes
only spatial proximity POSITION uses linear ;equenée. Thus, POSITION
requires disctimination of the "greater than” and "less than" directions
in a linear array and one or two previously ordered elements relative
to which the new element will bé‘located. The process must be capable
of spreading out the linear array to make ;oom for a new element if
necessary. Also, it must be able to place‘an element beside an
ordered one on a line perpendicular to the array to'indigate sharing
thé same position. The input is an element, a set of ordered elements
with one or two distinguished as a reference, and an ordinal concept
which relates the new and réference:elements. The output is a set

of elements with the or{ginal order preserved and the new element

properly positioned with respect to the reference element(s).

REPORT

This is the process by which verbal responses. are made. The
input is a concept. The output is a verbal label for the concept
. .t.i‘.\
emb&dged in an appropriate linguistic context (not necéggérily a

» .

complete or correct sentence).
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This is a primary process which can be used to indicate an element
or set of elements as a task output. This may be used to communicate
nonverbally the result of a task which requires element selection or

formation of a set of é¢lements. The process involves a-directing
3 . *

gesture and some devihé for delimiting the referent of the gesture. .
. .
This could be a furthey gesture or a spatial separation of the element

or elements.

DESIGNATE

.- This process assigns a specific role to an element or set of
elements for use in further processing. For example, one element
may be assigned the role of model for formation\Pf a subset. Subse-

) A
quent processing steps treat the element in a manner appropriate to

™

s

the assigned role.

This process can be conceived as a temporary association of \
identifying features of the element with a conceptual node representing
the specific role as;igned. However, the role concept is not an
integral part of a conceptual network including the specific variable,
values, obigrvation action, etc. Rather, it is part of a network
associated with the strategy. The DESIGNATE process is somewhat

similar to the RETRIEVE process in that part of the input comes, not

- from the previous processing steps, but from some directing mechanism

or representation of the strategy. 1In this case, the perceptuallv

»

differentiated element is the output of preceding processing steps
)~
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’

but the specific role to be assigned is not. The nature of the

controlling mechanisms and the representation of the straieg& in

memory have not been further elaborated.

In the contqkt of the processing routine,'the input is the
perceptually differentiated element, and the duﬁput is that element
assigned to the specified role. This description of the output is

vague, but the effect of this processing step is reflected only. in

the way the element is employed in future stgps.

SEARCH S ’ |
This is a loosely defined process which involves conit£uc€i§h

and execution of, an action program for fin@ing some objeet in, this

éhvironment.\ It\>§kes as input a concept or activatqd node-rfpie-

sehting thé searched-for bbje;t. The process utilize an& available

information from memory concerhipg the probable location of the object,

routes to it; etc., as well as any available visual écanning and

other search Btrategies., The output of the process is the object

which is then available to the individual for further processing.

-~

SEdONDARY AND TERTIAﬁY PROCESSES !
INFORM (variable coqcept’+ variable name or value namei |

INFORM is a'secondary proéess which producés a verbal report
identifying a specific variable (see Figure 3). The input is usually
a variable concept or luehconcepf. The output is a variable name

or, if the variable name cannot be retrieved, values describing one

or more elements on the variable.
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Figure '3. The INFORM secondary processf Input:

A variable coneent.
Output: A variable name or value names.

3
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-

- S ) concept) \

-

o ~

‘This is a secondary'procesb which takgs as input a variable

cogeept (i.e., the node activdted by decoaing\of variable name or

: ' & . o - i
an appropriate retrieval process) and an ordered pair of elements.

It compares the elements lon the given variablé and outputs a com-

1 ' : .,
parative concept applicable to the orderéd pair of elements. Thus,
L * . *

the COMPARISON process does ‘not produce-a verbal report although .

it_makes such;a report immediately possible. Alternative steps

.
N .

might be carried out next instead. The identities of the elements

3

and the comparison variable are maiﬁtaineo. Figure 4 "indicates a

parallel ekecution of processing steps. " Thid indicates the desir- :

ability of near simultaneous observation of the two elements.

i

"Parallel processing" in the technical psychplogical sense is not

implied. Fuvthermore,'feedback,from'thenselgcting and encoding’

r

‘stepggfo the ACT step undoubtedly occurs creating an active
v ' . . ¢ b ! ) ¢

'subsystem. Such feedback systems are very compon, but to avoid

- . ‘- ..
excesgive complexity, are not always diagrammed.
¢ ’ ' - -

. . - s

:, SERIATION (variable concept, Element A, Element B » ordinal concept) ’

-
"

s This tertiary process (Figure 5) us®d as input a variable

’
-

concept and a pair of elements. It initially processes the’ elements

. utilizing<the COMPARISON process. If the elements are of the Qsame"
'

L] 4
i

magnitude on the variable obserzed,_SERIATION outputs a comparative,

.- L » »

L .
eoncept applicable to the elements. If the e*pents are-not of the

-

-

same magnituhes, SERIATION assesses tne relative magnitudes of the
u.\ .‘(“, ! ) N «~ -
’ elements usipg the ORDER process. This process outputs ap ordinal *,
. ki ) ) .

E 2
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Figure 4, The COMPARISON secondary process.
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Figure 5, _The SERIATION secondary process. Ihput: A variable

concept, Element A, and Element B. Output: An ordinal concept relating
' Element A, and Element E,pn the input variable.
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X

concept, "greater than"'or "less than'". The identities of the elements T
- 4 .

.~ must be maintained and coordinated with the ordinal concept. The :

SERIATION process does not produce a verbal report alfhough it makes

" such a reporf immediately possible~‘ Motor manipulation and sdauential

. *

ordering of the elements themselves are also possible. The identity .
. of the seriation variable is maintained. '

{

MATCH (set of elements, model element, variable concept - elements
-, comparable to the’model on the variable)

A

This tertiary process (Figure 6) involves multiple applicas

1

N . . )2

»tions of the COMPARISON process. The input is a set of elements, a

i ., ) .

.perceptually. differentiated model element, and a variable concept,
8 v ) "

Pairwise‘comparisons are made with those elements found comparable

. ' ¢
to Jthe model being grouped spatially. The recvéling terminates when
'éll elements have been used. The output is a subset of edements, each
. 4 .
comparable to the model on the given variable. The identities of the

model Endrthe variable are maintained. ] v /

w o ;5¢ ‘{ T . - .
f ! MATCH 1 (Set of elements, model element, variable concept - an 'element
' .. comparable to the model on the variahle)

P
+~ This tertiary process is very similar to MATCH. However, it
terminates when one element is identified as beif% comparable to the

model (see Figure 7): Thus, the output is 'a single elemerit similar

A3

to the model on the input wvariable.

NONMATCH (variable concept, element, set of members ~ placad/discarded
element depending on.whether or not it differs from all of
the members on the input variable)

' ¢

' This tertiary process determines whether or not an element differs Q

from each member of a set on a particular variable. The process chooses

-

\ -
O ‘ ' . ’ - 1 *




MATCH | =~ * ST .
\ N .
14 %>,
SCAN o i
eléments b
F -
4 Y ¢
/ CHOOSE . .
' lan element < ,
.| perform
COMPARISON
« 0 on element
. and model
i I3
' DISCARD
element )
by »
N PLACE b e SCAN
_element elements .
. : return
5 > v

P

Figure 6. The VATCH tertiary prd@eSS. Input: A‘vériable conceot,
a set of elements, and a model. Output: A subset of elements s;milgr to
the model on the input variable, "
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L4 » .
MATCH-1
\ ¢
b SCAN
elements
CHOOSE
an element |«
4
perform -
COMP ARISON
. . on element -
S and model 3 ,
. : ] / . . .
DISCARD N ' !
~ | element
- Yes
]
. ) SCAN any’
. elements unused
. elements
> -
1Y : ! -
Y . 4
retubn |- .| REPORT .
- no matching .
element

\ ' \_/—_— '
» N ;
.

- ‘-

Figure 7. The MAICH-l tertiary process. Input: A wariable concept,
a set of elements and a model. Output: An element similar to the model on
the input’variable.
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standards one at a time and makes pairwise comparisons with the
element using the COMPARISON processy (see Figure 8). 1If the element
is the same as any member, it is discarded. If it differs from

all*of them, it is placed with them and is itself designated a

member.

PROCESSING ROUTINES
In this gection, processing routines in the form of flowcharts are
described which represent solutiom alternatives for a set of tasks
based on the variable-value analytic network (Smith, 1972). The
fundamental processes involved are identified by name in thT
flowcharts. Rectangular boxes represent primary processes while

-square boxes represent S%Fondary or tertiary processes'.

PROCESSING ROUTINES FOR DESCRIPTION TASKS :
Processing routines are presenfed for three description tasks. !
The tasks (Table ;) require pairing an elemgnt w;th one or more
descripf%ve values utilizing an observation procedure. SThe strategies
devised for these tasks (Figure 9-11) involve matching an element to
.one of a set of standard elements for a variable. Pairwise comparisons
are utilized in the matching secondary processes MATCH and MATCH-1.
- The standard may be labeled or not. If unlabeled, the individual
must be abie to retriebe the appropriate value label for a ;tandard
from long-term memory. ‘Although this approach appeafs cumbersome

and somewhat superfluous for some familiar values such as the primary

colors, it provides a means for dealing wi&h new, unfamiliar values.

LW
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NONMAT CH
SCAN
members | - q
CHOOSE 4
a member <
) .
” A\
. ' ’
, |perform
COMPARISON , )
on element -
and member ' ,
Yes
any
No SCAN Unused
same t members members
' 2 ~ %
Yes .
) PLACE
DISCARD element in
. element "different"
subset
‘ DESIGNATE
return P element as
N a member
-~ 0 )
R
. " ) "
Figure 8. The NONMATCH tertiarv process. Input: A variable concent,
an elemént, and a set of members. Output:® A placed/discarded element, depend-
ing on whether or not the element differs from all the members on the input
variable.
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INPUT:
variable name

t
element,

DECODE *

SEARCH

variable
name

for set of
standards

T

.

L perform
MATCH-1
on stan-
dards and
element

SCAN
the matched
standard

DECODE
value name

labeled

y

REPORT

"l value name

| RETRIEVE
. 'l value name

Figure 9. Processing routine for the directed descript
(employihg standards). '

]
ion task
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INPUT: an L
element 2.
\
SCAN RETRIEVE SEARCH
element unused for a set
variable of standards
. N
Yes perform
t d
retrieve MATCH-1
. ) on stan-
dards and
element
. SCAN
the matched
. stakdard
DECODE
i value name
: ¥
o Y
: ‘ ~§EPORT‘ RETRIEVE " ‘
value name = value name

Figure 10.. Processing routine for the nondirected description task
* (emploving stanﬁérds).

3
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INPUT: a set
of elements,
value name

-
DECODE ?SEARCH~
value name for set of
' standards *
\
SCAN  ° CHOOSE _ SCAN
the stan- a standard standards <
dard ' . »
DECODE
° labeled value name
’ '? ‘
. y
RETRIEVE COMPARE
value name ={ standard's ., .
value with
given value
* .
perform
S
MATCH on | Yes No cAN
elements standards
and stan-
dard .
!
PRESENT . .
elements in
subset
\/
V

Figure 11. Proégssing routine

(emploving standards).

.

for. the element selection/task
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4

More Importantly, it provides a basis for development of measurement
strategies, and the use of unit standards of measurement in particular.
It can be short circuited when the individual attAins sufficient

'familiarity with the relevant features and labels.

" PROCESSING ROUTINES FOR COMPARISON TASKS

The comparison tasks (Tab}e 2) involve a s@ngle set or subset of
elements exhibiting a particular comparative relation (similarity or
difference) on, a variable.(e.g., a set of teeéh all having gimilar
forms). All of the processing routiné; for these tasks iFigures 12-17)
involve using spatial ‘grouping to indiéate_subset membership,” designating,
the first element chosen to serve as a]subset model, and scanning for;
unused elements ;s a basis for deterﬁgning whether or not to continue

in a processing loop. They utilize airwise comparison of an’ element

"The outer loop obtains new elements| one at a time until none remains

11

PROCESSING ROUTINES FOR SORTING TAS
{

The sorting tasks (Table 3) involve exhaustive placement of m
glements into subsets based on similarity on a variable (e.g., leaves

AN

sorted according to the type of edge théy possess). The strategy

employed in the routines.of these tasks (Kigures 18-20) involves
N ‘
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. \ INPUT: a set’ / o o o

) . of elemepts v’ "4 . . i A
) variable name . Co- . " '
.'. * . r\ 3 . .
,. . ’- . . , 3 ,. L3 . \ L
- . s - . L 4 *
;' DECOD‘I‘; 3 SCAN . CHOQSE ~ DESIGNATE
" ) ,vafi%ﬁ;e' elements an “unused element as a
N >y 3 » v ~ .
name element model =
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( 4 -« B 2 b ' ~ ¢ ‘;. [ 3
? i kY &
! N LI -
~ * 4 L N ” - - . R
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. BLACE | | SCAN _ ‘ any Lot
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- subset for: - elements
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. » - - NO -~
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* ) 14 LN ’ ' -
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INPUT: Set
of elements
4

i ' * i

A

S ' . : > ) 1

SCAN RETRIEVE CHooSE | | DESIGNATE .
elements an unused > an unused element as a
variable elément model, *

.+ | perform ) \ - 4 - '
. |- coMPARISON, o CHOOSE
. ) on element e — an unused
oL 'and'model . .. elemen; .

] |

L4 Y

. PLAGE - SCAN ,
elements dn b elements
. subset for LR N )
° mode 1l .. 7
e -

-

perform :

" | REPORT ‘ INFORM REPORT
. elements . for the elements
:tifi/iamgL_7 N variable T ) \:fifi:/,_—__

[y

7

-

S .
thé nondirected comparison task.
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.\ INPUT: set  of :
elements, vari- . .
- able name, v e
n 1"
DECODE . SCAN
( . variable elements
. _ . name 5
v ! s
] : perform .|. <T// / )
— .| MATCH on. *| | GESTGNATE " TJcHoosE” '
model and |_ element as —an-dRused- —f--— v - e e
eléments a mOdel element
- b ’ . m——— ’ ’ [
. - A
! ) ' . ‘ ;
» \
*{ SCAN e
) elements in |, w -
‘ subset .
K1 ‘ s -~
: DISCARD DESIGNATE - .
] . model ‘all other . s T
R | elements N
[ as unused " |
N e
PR * 1
- PRESENT ) 7 .
subset of .
o elements * )
’ \!
* P :
! ’ . ’& : ’
& . ' ~
. - ) 4
r 1
3 . N - R A °
. . ] ‘ LI ‘ i 3 o . .
- . R S ) " I3 Nl .
) "Figute l4. Processing roytine for the subset formation task with .
the similarity criterti. ! ) .
Ot Ve L L] . '
. . . * ¢ [
| - . -
[ 5o . L
! A ’) '
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INPUT: set of . ‘
elements, vari

able name

SCAN DECODE CHOOSE DESIbNATE
elements variable | element element as
name a memher

o i e ke e e =+ e e+ e -

e

N

perform _
NONMATCH CHOOSE
on elément { an unused
and memberd - . element

N . | A

SCAN
. elements

any
unused
elements

RRESENT
subsget of
elefents

*

Figure 15. Proce%sing*routine for the subset formation task with
the difference criterion.
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) INPUT: set of
/' elements, "same')
A } . * ' )
/
[ 4 2}
| scax RETRIEVE . .} CHOQSE . DESFGNATE
elements upused vari- unused |, element a ™
v able ‘ element model
DESIGNATE . o N .Y
Jall eXéments | .. . ___ . r -
unused . <
; perform -
.7 COMP ARISON ; CHOOSE
v . on elementle - . unused
5 » and model | element
PLACE SCAN
_ »| element in unused
"used" sub- elements
set M
¢ - »
$
? - {
N ‘ perforT
SR INFORM
—] for the
- .yariable
»
4 *
» A{?}' - e

. Figure'i6.
* tion task. ;

Processing routine

for the simill;itv
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INPUT: set of
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. ’ ry -
5 *
" SCAN ' | RETRIEVE CHOOSE DESICNATE
L >1 elements variable unused element as
) element a member
g I —
! "L Yo 7 .
| DESIGNATE ‘.
all elements| . . , . ‘
unused : R . J—
e - | perform ) \
A NONMAT CH CHOOSE
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. \
. perform
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perform
MATCH
on ele-

-—fments and

model

INPUT: set of
elements,
variable name

element as

'

SCAN.,
’¢lements

[N

—d P, |
d TMOaQeT

DECODE SCAN
variable elements .
name
DESIGNATE  CHOOSE

*an element

DESIGNATE

~Junplaced
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Py
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L2 .

« E

f—- INPUT: set -of
elements
-2 SCAN RETRIEVE ~
= »| €lements unused vari-
able
{ — — - »
<
’ perform N _
) MATCH DESIGNA?E CHOOSE
' on ele-» element as an unused
@—— -~ | ments and a model elemert
. model . X ’
— A
1 4 . ‘
SCAN ‘
. elemen;s .
«| DBESIGNATE ‘
all élements ’ 5
unuged - . NN N
DESIGNATE ~
T >| <unplaced
* .| éYements as’|
~ [_u -
I'd . L4
o - SCAN  ° <.
‘|subsets - : ¢
e - . ’ ! .
* * ‘ *
. R ’ ¥
- PRESENT 3
. subsetg of " |
7 element e« !
' e
. N cal - . - A
. ) .Y ‘ N »
Figure 19. Processing routine for the nondirected sorting. task.
\ .' . | :\ .
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sorted set of .
elements
A
. SCAN 'RETRIEVE _ | CHOOSE DESIGNATE
> elements an unused an unused element as
variable element a model
)
DESIGNATE ,
all elements ’
unused * h
perform .
COMPARISON CHOOSE
on elgmentA‘ an unused
——— and-mode 1- glement
R 2
’ Yes ,
PLACE. SCAN any SCAN
element in elements unused subsets
subset for in subset elements
el .
> ~
' K DESIGNATE PLACE, *~' CHOOSE !
4y element as —3 element's element From
~2 memberf subset - qnplacedl A’
" \ ? e« . subset
. ! —_ = " - (/
" I
— CHOOSE - , i
.element from je - -
placed sub= . .
v ' set -
" . v .perform
o INFORM .
. | for the’
™\ perform !
. variabl
o NONMATCH riable
' . on element ] _ .
v - - and member -
v —
PLACE‘ '
element's subsets y
© subset -
.ﬁ . ' i ‘ ¥
' ’ : -7 N o» o "
, 2 ~ = ‘
Figure 20. Processing routine for the sorting variable identifica- & - ‘
o tion task. - ’
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choosing an element to use as a model and then identifving all other I
- - elements similar to it on the sorting variable, temporarily disqardingJ

all others. This is repeated with the remaining elements until all

< <

are sorted. This is essentially a repetitive use of the strategy

employed for the comparison tasks with the similarity criterion. As

-

with the comparison task routines;—spatial srouping is used to indicate
s - 14
4 L4

- —— ———subset- memberships—and individual elements are—speeified as subset .

models’. The repetifive use of the subset formation strategy reduires

twpklevels of recycling. One depends on there being unused elements

during the formation of a subset, while the other. deperids on there

being unplaced elements remaining after .completion of a subset. P
- L &

.~ . The sorting variable identification routine’ (Figure 20) has two

parts. The first determines whether or not all elements in each subset -

~

1]

are similar on the variable under consideration and involves the strategy
jugt described, iBhe second part determines whether or not all the

subsets differ from each other on the variables. The strategvlemoloyeq )
P

» N ot

--here involves choosing an element from one.subset and comparing it to .
.%‘w one element chosen from each of ten other éubéets. If it differs

. . ' .
. from all -of them, its subset is set aside and an element.from a |

- -~ v .
- - ’

second subset is compared_.to one from each of the remaining subsets.
L] . .

~ - . . .
x*

This is repeated until only one subset remains or until similar sub-
- . .'

sets are detected. The detection. of similar subsets indicates that

¢ ' . -

<

' an inappropriate vaﬁgable was chosén.and the entife routine is re- /
. ' . . . ‘
peated with another variable. ) . CL R

<
LN

s » -
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PROCESSING ROUTINES FOR SERIATIPN TASKS =~ /- .

“ - e

The sefiation tasks {(Table 4) involve,sets of elements ordered

’ . L4
.

along a specific variable. The three tasks parallel the soa%ing -
. . N L] » .

. - . » u. "
tasks. That is, there aré directed and nondirected seriation tasks,

-

and a seriation variable identification task. The routine for thq >

£

dlrected seridtion task was presented and briefly descrlhed earlier

———— —————_ “.
(F1gure 2) ~The strategies for this and the other seriation tasks ‘
; - <.

(Figures 21 and,2?) utilize spatial repreSentation qf ‘the order -on

the .serigtion variable. 1TH: same strategy is employed in the dlgected

and nondirected seriation tasks. * It 1nvolves selectlng cne element

voo* -

e
and cons1der1ng it the f1rst member of an ordered set. Other elements
3 L S -

- 3

-

are selected one'at‘a time to be seriated on a pairwise basis with

. * K | <
“previppsls\ordered elemepts. At any time during nerformagce cf the
- . . , I , - ' ) - 7 )

task, the.previously considered»é]eménts or "members" are completely

» - P

ordered. The select1on of the member (oroered element) -with thch" C

~ 4
v

to begin.tomparing.a new elenent isropen, thus'allowing for educated
. . é oS

guessest‘ Once a standard has been selected however, systematic. p

. R * | . ‘
progression up or. dsah»the ordered. set is employed to locate the -
z s ‘ .
correct poslvfbn for the new element4 +Poory first gucsses will be

» ~ é
"rorrécted by this procedure. Thes strategy requires that the "greater"
K . - ) T ) ’ - en [ o ’ S . e
and "lesser" directloné’be recalled throughout the task. !

[ R4 R

The stnategf employed ig{the routine for the seriatfon variable

identiffcatlon task (Figure 22) involves starting at one end of the

. K Y . . o .,
. spatially ordered set, deter;;;azﬁfdams\order of the f1rst pair-of .

- M » P
,

. " .
.

A
-

e
.
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Aruitoxt provided by Eic:
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’ INPUT: set o ¢
elements . Y
-»
. s '
-]
. - - L) L4 .
. ' sgm RET'RIEVF .« | CHOOSE s —,' DFSICGNATE
elements , ,unpse | an unuse element as
. /variab]v | |element ] a member
. . i J Lo . . ! -
CPOOSE SCAN N CHOOSF
’ a member e ——— | mertbers .| an unused
; ] ) o element
. : . .
perform «
a SERIATION 1
on element |
and member
- .
o CHOOSE " CHOOSE .
! next greater next less : *
2 member Y member
2 v
1 POSITION A .
member in 2
original \
POSITION position POSITION
element on members element on
greater side greater less side i
of member of member
SCAN Yes SCAN - .
members element members. .
. o greater g
”~
DF.S'IGI‘fA’BE L DESIGNATE .
element as » . element - e]ement as
a member less ) ‘a member
8 ’ .
’ . POSITION . ) B
R .o element the
) same as the
' N member ,
9 . ’
R SCAN - :
- elements ,
R - T
s . T T ‘- " -
v . ., . »
PRESENT any T
grdered set unused Yes .
of elemegpts elements . ; N .
. . N y -
. % - ,’ “ ra
’ / LY | R o
» & o~

.

. : y rad
Figure 21. Processing routine for the nondirected seriation task.
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tion

Figure 22.
(SnV) task.

) Y,

£

4 ’

¢ ” YA, !
N . .
. ‘ ‘ INPUT: set of )
eleménts or-
dered on a ' .-
variable '
. -
SCAN RFTRIEVE CHOASF
> elements variable first element |
. Wt .
: ' 4 DFSTGNATF
* SCAN ‘.. s ~ N N
elements unused ¢ 5 s| element as
element$ ‘a member
L) ]
* ¥ .
i : perform Y
7 | POSITION SERIATION | CHOOSF .
member in on element next element
original and member 3
, position
DESIGNATE POSITION * ° . is POSITION * DESTGNATF
element as member in YeS element No member in || element as
a member original S member original a member
position ” . position .
J. .
: Y penfoﬁ; perform &, Y
CHOOSE SERTATION ) SERIATION WY [ cnoosE
next element on element t on element next element
, and* member . and member .
L Ll [
. . p " .
' -
POSITION 2 1s POSITION ’
element and element element and
member in ~ > or = member in
original po- member original po-
sition ” sition .
st a -
SCAN “SCAN
elements- elements .
\ .
L STOP /
Yés Yes
perform 4
N INFORM .
“S) for the . [o
. variable
; .
#

Processing routina for the Seriation Variable Identifica-
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Aruitoxt provided by Eic:

. ) ‘\ pairwise cgg?arisohsoalong the set to see if the same& order holds for .

' . i '
involved in task performance. These hypotheses can guide the degign
4 - .

B
L
¢ ‘.
B * ) . ” '

.

< .

. L 4
each adjacent pair. If subsequent pair’s reverse the order, the routine
is begun again and.a new variable is tried. Pairs found to be the

- »

same on the variable do.not effect the resulf unless all are found to *

.
»

be the same. This strategy requires that the original order of the

: .
elements be'carefully maintained, i.e., the member and the new element
s [ ’

-
-

must not be confused. - ’

DISCUSSION . = 7 y . e

»

ey
i R

- R . .

The processing routines presented above describe how their

¢ N .

corresponding uésks might be performed. Along with definitions of

the fundamental proecesses, thev represe@t hvpotheses about skills

U
of instruction for the tasks. In particular, they provide a basis, .

]
4 . .

’ - . . te ' N
for specifying outcomes at the skill level, for specifwing asseSsgent - .

’ .

précedures,‘for sequenting outcomes, a&d‘for.idenéifying useful

instructional strategies. Two levels of skills are made explicit in y

the processing routines presented in this paper, the_ specific process- .
. £ .

. ' 3
a .

ing skills répresented by the primary procesées,. and -the coordina;;;;\i -

. . . . A} !

‘

skills represented by the sequences of prodessing steps. 'Sﬁecific
[4 " * +

. & ‘ .
processing skills must be acquired with _.each new systemic network

(specialized conceptual system) fdrqghich the tasks will be petformed-,
For,example, the capacities to decode and retrieve variablei and : -,
: . .

S
.

variable pamés, to fetrieve and carry out new gbservation actions,
. , . .

and to select and encodé Jelevant'senso’y input must be acquired for N .

each new set of systemic content, regérdfess of previous learning with

-
. g?“:’”“ o
. L N
similar sets of content. . . . Lo - ﬁf
’ N ) T e




\ . ’ ’ - * ) -.
In addition to the Qbecific processing skills, coordinating
. .. 14 : ‘e . . .
skills must be acquired which control the'seqﬁenciné_gf specific ) :

Procesding steps.in cariying out tasks. I the early stages of
] : - -

- [

N
.

learning £3r ‘a task,étﬁese coo¥inating skills ,may eléo be specific

.

. to. systemic networks. imildr procesking routines.are mastered .
. : R . ~ LY

processing steps may bédome stﬁacted'and~represented in a general -

A
cution of a similar routine with a rew systemic
’ . [

3

PO form. Subsequent e

network can the take place without special instruction‘so long a§

the specific oce551ng skills for that- network have been acqu1red

a P

in some other conteXt ' The abstracted sequence “of processing steps
/

is referred to as a strategz. P r to ‘'the funcg}onal acquisition

of.a strategy, the;sequenceg of,prbcessing steps must also be aeqé;red !
for each;;?w s&steﬁic nethofg. . ER e
IMPLICATI;T)NS FOR SEQUENCING INSTRUCTION T ' Y o
X ?gfmary ;Fneideratiﬁn in the sequeneing of'instructionéTor 2
set of-tégks is.tﬁe extent to which they involve common skills. A .'
| e ’ /.
preliminat§\éete}mingiion’of these telationships cap be ma@e.Uf com-

<

. \ . 3 " . . -
paring the processes and strategies involved in the processing routines.

Table 5 ihdicates the fundamental processes involved in the routinesl
,\

o b

for each bf the tasks analyzed. The table shows that all the routines

W ’.? _ Anvolve- agout the same number.of different primary processes (10 to 12).
Furthermo%e,.there is considerable.sieilarity in the primarv nfoceeses : ;*'
I involved ﬁn the different routines. Seven of these (SCAN, CHOOSE, f;_
: " RETRIEVE, ‘ACT SELECT, ENCODE, anq COMPARE) are,(used in evbry, routipe. , .
" e %




_Direczed'g_
Descriotion

Noﬁdirected
Deqcriation

Element
Selection

p—

Directed
. Comparison

-

- * Nogdirected

Similarity
Subset Form

-

ifference
Subset For@ ~

Similarity
Variable i.d.

i.d.

Difference
Variable

Directed
Sorting

Nondirected
Sorting

»
Sorting

Directed
Seriatgon .

Nondirected
Seriation

Seriation .
"Variable i.d.

L3
A

* ERI!

Aruitoxt provided by Eic:

'

N Variable, i.d.,

SCAN

<k

x*
~

WX

x*

X

X%

X

at

o
*

%

Y*

CHOOSF

| .
UTILIZATION OF FUNDAMENTAL PROCE§SF§,IV TASK RONTINES

. . L .l
. v
13
. Primary Processes # © e
. . .
0 :" . y
- . - .
= A e g
Z w2 8 L « £ £ =
= L £ < ¢ w < 2 el @ ¥ C
& e C £ = L 9 <o o v 4 = x
e R - C 2 v € & C K W oz ow o<
L L 78 e 2 e & o 2oE & oW
£ < v W T & &a &£ £ & & ¢ & 9w»w
e,
o
’ r f" -~
xk ok k& ¥ *  x WX . X
. .
’ - ’
xk x.ox xF * ox 0 x . x
.
x x * * X .. % % »
X X X Y \ X
v . - ’
. ] (
x % * x X x 'y X X
. - ’ k
Xk * * ] * X X 2 ‘ it
Yoo - 4 s
. . .
- N . . . -
LI L R . L X
- L} -~
‘ N
. e
LI N T T T X
5. . -
. L}
v 4 M
xk x  k  k  k oy ‘% . -
. .
. - . ,
. o .
Xk % * * x X » * * « .
- . > v
. . » \ .
. L '
X Ok kT k ¢k, oy ok  yk x x
. - ) » '
¢ . '
x* x % *x x x| x gk . X -
L) N . ! -
cxk kK k  k  k x gk & * &
» s N . .
v
v .‘ /
. . 2 .
* L S * R x . X * g
- - . * -
" . ‘ .
X x ox xR 4 . . x *  x
. . . <
» -~ B ~
x*x * * x ' X * * X°
- N - 4

*These processes are utilized as parts of secondarv or tértiarv processes.
2 - - " ’

~

. Lo

Secondarv and Tertiarv
Processes .

COMPARISON
SERTATION-
NONMATCH
INFORM

MATCH
MATCI-1

-
-
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E— . < . 4
o /

, DESIGNATE, which assigns a particular role (e.g., "model") to an '

. element for proceséing-purposes,.is employed in all the routines
N ~ . .

a

except for those for thé.descript}on tasks. All of the routines
utilize spatial placement--PLACE, DISCARD, and/or POSITION--to . \

represent decisions made about elements. The verbal processes

: '
DECODE and REPORT are used in some ofsthe routines for each of the /
N ’ . !

. e . 8 . ‘ e
basic kinds of task (description, comparison, sorting and seriation). N
., ’ ' ' N

. . .

The tasks which do not réquire REPORT do réquire PRESENT; ushally a

nonverbal 5§esentation of the_resuits of a task. SFEARCH is utilized

- \ | g

only in the description tasks where sets of .standard elements ar?

’,

required. : .

The ‘sequencing of tasks on the basis of the. specific processing

~ N .

skills involved assumes‘that one task requires only a subset of the

skills required in another. Although-there is a considerable overlao h
* » .(' x : ! .
in the specific processing skills required for the tasks analyzed, no N
. . ) ‘ ¢ y N
hierarchical pattern is evident. This is not unexpected since these P

.

tasks were all selected 'as termimal tasks, If additional, en route

tasks are réquired, f%qy will have to be selected using a hierarchical

i L3
¥ 4 l

) relafionéhip to the ‘tagks analyzed in the presént paper as a c:‘fetion. .

The processing routines can be used to generate°such tasks. Portions
. >

L . R

6f a routine can ofién be '‘made into separate tasks by adding abpropriate
. - . ) '. N .« @ P ‘ ' .. . i .

. input @l output steps. : 3 o7 . o
.Copnsideration of the coordinating skills involved in tasks is also

' . v
'

Ve , important in sequencing instruction. For example, the ﬁrooessing routine

s -

, for the similarity subset formation task (Figure 13) involves chdosing

.
. L . . R . -

- . . - A

. . ]
\
i
|
\
i




.

1

one element which is designated.as a model anmd then comparing it to .. \:'
each of tgp other elements, placing those which are similar to it in R

a group and discarding all tE§ others. 1In the sorting tasks kFigufes
17 and 18) this same sequence is used repetitively until alT.the . ‘ \

. LA

elements have been placed in .some group. Performing the sorting task
Y

is not exattly li}e performlng ‘the similarity subset formation task // “,

)

several times sifce, in the sorting'task, the discarded elements from, -
I . - .

one cycle must be designated as the unused elements for thé amext, and

< Y

\ -

the recycling ﬁust be contingent on- there being unplaced elements.

L L ) .

3 . -
-, However, the subset formation task routine forms the core of the .

sorting task routine. Constderable positive transfer to the learning .

o4 s '
of the sorting task routines would be anticipated from the prior
L |

.

learning of the subset formation task routine.
. v

[

C . } .
* A sharing of common coordinating skills is indicated by the '_ . .

occurrence of the same secondary or tertiary process in two. or more

processing routines. As indicated in Table 5, every task routine
"‘¥

involves the COMPARISON secondary process (Figure 3). Th¥ sequence

°

of primary préceséing steps involved (RETRIEVE, ACT, SELECT, ENCODE,

:and COMPARE) represents a core of,skills.baéic (&'Ehéﬁﬁgrfg;mance .
' L)

of all the tasks analyZed. ORDER ig)added to the sequence in’ the
' SERIATION tertiary process (Figure 4) The similaritv”abset forma-

tion and sokEing ‘tasks discussq&‘above share the MATCH tertiary process
(Figure 5). This process identifies a subset of elements similar to

+

.a model element on a spec{fic variable. MATCH is also used in the _

element selection task routine. Two gther task routines use a similar .
’ . . NN . ’

.




’i‘

“
.

‘A

N — ’ » _

’ .

, tertiary process, MATCH-1 (Figure 6), whiéﬁ.nermin?tes when one

element has. been found wirich matches the modél.~

Three -task routines utilize the NONMATCH tertiarv brocesé

*  (Figure 7) to determine whethér or not new elements differ from all
N ' . . . ] . -

) . . Ny .
. members of a 'given set. -+, This pi"e§§ is part of a strategy common 080
4 the difference subset formation task (Figure 14), the difference

'variable,identificétion task (Figure 16) and the second part of the

. .

sorting variable identification task (Figure.19f. This . strategy
. « .
involves the repetitive use of NONMATCH to identifyxa set of elemgnts

. | N . . L L
all ofywhich. differ from one amother om a variable, or to determine

a

whether or not a set of elements smeets tha;ncritgrion.

.

Several tasks require the performer to report. the identity of the

variable with which tqé task’ has been .carried out. The routines for

these tasks employ tljes INFORM secondary 6rocess. In this process the
H .

>

. = i~ . » -
preferred response ﬂé to name the variable. However, if the variable

v

name cannot be ret¥ieved, values which describe the elements on that
’ lO‘ a 5 .
variable may be uged (e.g., the subset formation tasls, Figures 13

: ’ Lo )

 and 14). ‘ir_

JIn gdditio to the sequences of processihg steps-identifiea as

.

.secondary or tgrtiary processes, cgrtain short sequences of primarv

}OCGSSGS rec

4 “ »
in several routines. One such sequence is the SCAN-
. M ’ A)

< [

; A .
is designatpd as the,-model for a subset of elements, all of which will
LY . ! 4 i . ’ . . ~ ' ’ N
" be similapfto.it on a particular ‘variable (e.g., 'in tpe similarity
. IS ‘4 n Ve .

sLbset foymation tas%;.Fiéure 13). In other cases, the elem np&fs
'.““_‘_‘-' Ly o .

“ ¥

] -~




. P
/ . . o . e .

; [ e = 2 —_ - . P e b
" N : ’ * .

. \§imp1y,%fmember which must be taken'égto acoount when any additional

elements are considered for membership (e.g., in the difference sugsqt
L . - /\ ’ N »
formafion task, %ﬁgure 14, and the seriation tasks, Figures 3 and 20) .

ENY
+

% And;her‘sﬁort sefuencé’i; employed in the routines which recycle
uqtil all of a 3&5 of elements ?as been dealg with. .This sequence ‘ :
, ;nislves a SCAN‘;xén with recycling to a‘CHOOSE step cgntingent.é?-‘
d ‘ theée beiﬁé unused elements remaining. This sequegce‘occurs in I '
/ ,‘ 13 of the 15 rout'ihes and is {;art .of the MATCH, MATCH 1 and NONMATCH
' peT processes., Q_ . ) ‘,
) wer ) ! | " o
. RELATIONSHIPS TO HIGHER LEVEL~TASKS S

, . ) . s . ) - L “
The processing routines for the description tasks utilize COMPMRISON "

v bl

. 1 .
ywith a set of standard elements. By introducing ordered standards for -
l‘ P ’ . . . - o /
quantitative variables, and then standards representing n umit standards, * Ve
1 8 - ’

this strategy leads to a measurement strategy appropriate” for adaitivg

driables such as wéight, length: force, etc. Finally, the set of -
, . - y;
standards can be replaced by a large number of unit standards (e.g:,‘ o
¢

rods one inch long) from which the observer creates a "standard" which
” . . “

matches the given element on the variable.', Measuring devices such as

v . ('} '
spring scales can be intrqduceg (and calibrated) by oﬁserving the \.

*

effects of varying numbertof unit standards on the devi.ce. ’ .
4 ¢ .

o + _ The strategies develdbed for the so%ting and seriation tasks '._ .

”

provide components\of strategies for discoverihg simple’relations

e . between variables (correlat}ons). The.stfatégy for sorting a set of

.

elements can be employed first for one vatiable followed by use of

A~ . . )

the sorting variable identification strategy to identify another
' : v .




’

P - ———

: Svariable on which the elements were simultaneously sotted. A similar

o’e

- . e

f " ‘. : ] ’ .
dtrategy could be employed incorporatin\the seriation task strategies.

A\t .
Of course the relations discovered would not necessarily hold for
H "

elements other than those observed. Strategies for appropriate .
N ] . ) .

-

samplingvof‘séts of elements are required for-‘determining the o

. fA . o
generality of observed relations between variables. However, the

. strategies dfscribed above wauld .still be useful in dealing with the

-

samples. . N . . ‘
L]

The- designation of a particular element as a model for a subset

(3 >
rd

in several of the processing rdutines‘is reminiscent of the .use of

4 .
an example in the focusing strategies. discussed in the concept attain-

ment literature (Bruner et"al., 1956). It is quite ﬁqssible that the.
4 « N

simple "€ocusing" strategy describe® in this paper could be the first

[N N :
step in the development of more complex strategies which focus on a

»
N

particular element to systemat;cally generate gnd/or reﬁ}esent lists of

variables, hypotheses, etc. \

s

-

One §f the primary reasons for the selection of the tasks analyzed

in this.paper as terminal tasks for a primary grade science curriculum

’

was that they function to inform the person performing fpem, i.e.,

they represent useful inquiry. tasks. %However, unless learning these

tasks contributed to the perfdrmayce of higher level tasks further along

in the‘cufr%cglum,'their impact_on the total inquiry behavior of the

learer will be minimal., It was an;igipaﬁed that the tasks selected

5 ) © «
v

- . .
could|be used to facilitate the learning of routines for higher tevel

L B

_The above examplg%iof relations between the routines presented

in this paper and higher level tasks proGTﬂq\additiohal support for this

- o -
\ M -3
assumption. . Ve R Y’ *

\ -

1." ’
. "




'i§(@oing. In the‘case of guided performance, the verbal information
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IMPLICATIONS FOR INSTRUCTIONAL PROCEDURES .v
’. . - T 3 . .
The processing routines described above provide direct input

*

for designing,instructional procedures. Three kinds of instructional

procedures are inmédiately apparent:” 1) demonstration, 2) guided - ) .
performance, and 3) task decomposition. As implied by the name, the’ ..

first procedure involves step by-step demonstration of)the processing

\
routine tqrthe learner prior to requiring him to executerit. 1In the
~ oy . M - - ‘ 0
guided performande procedure, the learner is guided step-by-step .Y

through the routide arior to being required to execute, it indepen-

. ’ -

. \ .
dently. 1In the taskxgecomposition procedure, the.lea{ner masters

asks which utilize components of the original

routine befbre he is regpired to perform the routine in its ent1rety

AR

a set of'subordinate\

In many cases, instruction [may usefully,employ combinations of these

. iy
Y
. *

procedures. . RN g . .
/ N . . ‘

. ’

Both the demonstration and\éuided performance procedures can.

vary in the level of. detail of verbal information provided as '\ ks\ ,

4 »

explanations or. instructions// In che pasé of *demonstration, the

verbdl information would direct attention to ‘what the demonstrator

Lol
.

would inform tHe learner, in the context of the item, what to do next.

. , 3

Consider the similarity subset formation task routine (FigurehlS)

. ? . . » Fd
~

as an example. Demonstration and guided performance instructional .
. 1 \ N . -

procedures for this routine are illustrated in Table‘6.‘-The item - ‘

v -
3 ’

involves forming a subset qfy sea shells having the same shape.’

Much the same verbal information is provided for the two procedureé.

‘

. ~
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- , " TABIE 6
, SAMPLE DEMONSTRATION AND GUIDED PERFORMANCE INSTRUCTIONAL - v

PROCEDURES FOR THE SIMILARITY
¢ ”

4

Demonstration Procedure
|

y
;
LI Y

A grgup of sea shells is presented.
”I am going to find some 1Shells. which
.are the same Shape." "

"Fipst T am going to choose one shell '
to use as a model."

A shell is chosen.
"Now I can find the ones that are ‘the
same shape as my model." i .

"T111 find another shell and see if it
vts the same shape as my model."

A second shell ‘is chosen and cbmpared
to the model. ) N

”Thzs shell_is the _sqge shape as the,
model, so- I will pit it in a spectal
placearmght in front of me.

- The shell is placed in front of thk
demonstratorsbut. apart from the
unused shells.

"It s not the sdme shape as the model
so 1 will put it off to the side so
T won't choose it again." ,
The shell is placed to, the side, well
away from the unused shells. '

etc.

s
When .all ‘the shells have been compared
with the model, the last pakt of the
roptine is carried out. )

v

SUBSET FORMATION TASK*

-

Guided Performance
Procedure

.

. r Vel .
A grolp of sea shells ig presented.

"I am going to help you to find some

. Shells which are the same shape."

"Pirst, choose one shell to use as
a model." ' . . '

[

A %hell is ‘chosen.

”Now you can find the ones that are
the same ghape as your model. " .

"Find another shell and see if it is
the same shape as my model."

A second* shell is chosen and comoared
to the mode -

"Is it the samé shape ds the model?"

Yes " "Put it in a special place
‘. right in front of you.”
N\
No ___ "Put it off to the szde 80 you

T won t choose it again.'

The learner puts the shell in the

appropriate location. °’

. etc.

Y ~

When all the shells- have been compared
with the standard, the last part of' the
routine is carried. out.

k]
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"There are mo more shells to 7.0 qt. "dre there aru more shells to look

.ot T at?" o o K v S
"The model is. the same shape as all "The model is the same chape as all -,
- théese, so I will put it hgre, too.” those in the special place, 80 uou
. . . ecan put it there too."
Sl rhese shells have the sarme shape.” e
: ~ - "Show me some shelle which have the
-
‘ /////////// ' same shave.” o
Demonstrator gestuF¥es, indicating the The .learner gestures, indicatgng the '
shells ,lacéﬂjtogether in front of him. shells Dla%ed togethex: in frort of <him.
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The illustrated procedures
B -

learned about the shape va
a task decomposition proce
could be for‘pd which did

any recycling; it would fq

3 d X (
c rocédﬁres w%}l be useful

)The'?rocessing routines: sh

[}
"ihstructional alternatives
.

H \ [ A
assumed that the learner had previously
‘ s ) g
If this were not the.case, -therd

riable.
dure mfght be é:ployed., A task routine”
not require DESIGNATE, PiACE, DISCARD, or A

clude-jgit the COMPARISON process and some

. -/
Y gimple input and output steps. . Such a routine is illustrated in v
" 1 . ‘ . 4 ¢ . @« -
igure 23. , . '
. gu U L . >
. » ’ .
It is quite likely th%ﬁ all these kinds of instructional , « 7

with the tasks .analyzed in this papeg -
ould prove very useful in g%nerating_

using these kinds of procedureg.




Al

% ¢ . | elements

INPUT: wvariable -

_ name, Element A,

. . \Element B, . ~ .
? 'same" .

v . .

-

DECODE . .
e variable . \
' name -, . '

< ,SCAN

- : perform
) COMPARISON .
+ ton Elément '

A, .and.
~ |Element B N

REPORT
1" " e .

yes

o . .
. , .

A}

.4 L.
‘Figure 23. Procesging toutine for a task gubprdinate to the .
similarity subset formation task. -,
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TN 2-71-12. Edward L, Smith and K. Roger Van Horn. Conventions for
Anajyzing Skill Areas in the K-3 Curriculum,nAugust g, 1971.

4 . v

Conventions are presented for yse in analyzing 1nstruct10na1
outcomes in portions of K-3 science, mathematics, and communica-
tion’'skills. Based on the conventions, threes/operations commonly
required in K-3 science, mathematics, and communication skills are
defined: a) description; b) application of relationa} rules; and
c),’application of rules of correspondence. Outcomes can be ana-
1yzed in terms of the events, objects, or other elements with which
children are expected to deal, and the operations which childtren
are expected to perform. Set and matrix notational conveptions
are-also presented. . : !

1
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[

+TN 2-72-58. [Edward L, Smith and Janis J. McClain. Content Analysig of
Selected Primary Level Units of the Science Curriculum Improvement
Study, December 7 1972. v

¢

Toevaluate a meth\a of content analysis; and as a step toward
the specification of a conceptual domain for* primary level science, *
extant instructional programs were analyzed. .This paper repdrts

.an analysis of the introductory unit and three biological scienct
units of the Science Curriculum Improvement Study. The background

- of the program and the procedures for the analysis are described.” ’
' The conceptual contend is summarized. Problems encountered in the
analys1s and their inﬁl1cat1ons for subsequent analyses are

® d15cussed

IN 2- 72-59‘ Janis J. McClain. Content Analysis ‘of Selected Units of
the R1rst-Grade Concepts,;n Sctence Program, December 19, 1972,

«

To fnrther evaluate a ‘'method of ¢ontent analysis and aid in

fdentifying scientific concepts appropriate at the elementary

level, science material in a standard textbook was examined.

The present paper reporfs and summarizes the analysis of.sections

“pf the Ca11fornia state- adopted textbook series, Concepts in

b énce. The torgeptual stryucture of the program is described and

N, hpared with the structure ¢f the previously analyzed Seience
Cuﬁv eulum Improvement Study.\ Problems encountered in the méthod

. uﬁ\a alysxs'are reported,

v
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TN 2- 73-4§?\ Edward L, Smith, Todgrd a Scientific Inquiry Program
ArchitéAture November 26 1973. .

.\ \\\C" . 'e*u ' .
This paper presents an ove§v1ew of a scientifié inqulry program,
describes the components of the architecfure’ that have been com-

pleted, and outlines further design and development steps.
By . * .

. ‘.‘ ., - "
— ' 1)
-205-




